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1 DVVMTQTPLT LSVIVGHPAS ISCKSSQSLL DSDGKTFLNW LLQRPGQSPK

51 RLIYLVSKLD SGVPDRFTGS GSGTDFTLKI SRVEAEDLGV YYCWQGTHFP

101 YTFGGGTKLE 1K

FIG. 7
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1 EVQLVESGGG LVQPKGSLKL SCAASGFSFN AYAMNWVRQA PGKGLEWVAR

51 IRTKNNNYAT YYADSVKDRY TISRDDSESM LFLOMNNLKT EDTAMYYCVT

101 FYGNGVWGTG TTVIVSS

FIG. 8
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Chothia Canonical Classes

L1 (16 amino acids)

L2 (7 amino acids)

L3 (9 amino acids)

Martin Canonical Classes

L1 (16 amino acids)

1.2 (7 amino acids)

L3 (9 amino acids)

May 31, 2016

I

Class 4

Key residues:

Class 1

Key residues:

Class 1

Key residues:

Class 4/16A

Key residues:

Class 1/7A

Key residues:

Class 1/9A

Key residues:

FIG. 9

Sheet 18 0f 43

2(V), 25(SA), 29(L), 33(L), 71(F)

48(IV), S1(AT), 52(ST), 64(G)

90(QNH), 95(P)

2(V), 4(ML), 23(C), 25(SSP), 26(SN),
27(Q), 29(LI), 30A(HL), 30B(S),
30C(NDS), 30D(G), 32(YS), 33(LE),
34(HEN), 35(W), 51(V), 71(F), 88(C),
90(Q), 92(TS), 93(H)

23(C)

2(IVL), 3(VQLE), 4(ML),
28(SNDTE), 30(DYLVISNFGHT),
31(SNTKG), 32(FYNAHSR),
33(MLVIF), 88(C), 8%(QSGFL),
90(QNH), 91(NFGSRDHTYV),
92(NYWTSRQHAD),
93(ENGHTSRAQHAD),
94(DYTVLENNIWPS), 95(P),
96(PLYRIWF), 97(T), 98(F)

US 9,353,184 B2
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Chothia Canonical Classes

Class 1
Key residues: 24(AVG), 26(G), 27(FY)

H1 (5 amino acids)

Class 4
Key residues: 54(S), 55(Y), 71(R)

]

H2 (19 amino acids)

Martin Canonical Classes

Class 1/10A

Key residues: 2(VIG), 4(LG), 20(LIMY), 22(C),
24(TAGVYS), 26(G), 29(IFLS),
32(IHYFTNCED), 33(AWGTLY),
34(IVMW), 35(HENQSYT), 36(W),
48(IMLYV), 51(LIVTSN),
69(ILFMY), 78(ALVYF), 80(LM),
90(YF), 92(C), 94(RKGSNH),
102(YHVISDG).

H1 (5 amino acids)

H2 (19 amino acids) = Class ?%/12B
Key residues: 47(W), 50(RQ), 51(I), 59(Y), 69(I),
TI(R), T8(LVY)

FIG 10
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Kabat # FRor | Mouse -| Mouse Human Human | Surface 1D9 1D9% Comment
CDR 1D9 -0 x-II Acceptor or RX . RKz
Vi HEF-21/28 Core
(005056)

1 1 FR1 D D* D s D D
2 2 \4 Vv I* C v \
3 3 v \ V* S V N
4 4 M M M C M M
5 5 T T T C T T
6 6 Q Q" Q c Q Q
7 7 T T s S S S S
8 8 P P P c P P
9 9 L L L s L L
10 10 T S S S C S S
11 11 L L L* c L L
12 12 S P P P c P P
13 13 \4 \id V* [ \ v
14 14 T S T c T T
15 15 v L P L s L L
16 16 G G G c G G
17 17 H D E Q c Q Q
18 18 P Q P s P P
19 19 A A A c A A
20 20 S s* S c S S
21 21 1 1> 1 [ 1 i
22 22 S S* S* C s S
23 23 FRI C C C C C C
24 24 CDR1 K R R R s K K
25 25 | S S* S* c S S
26 26 | S s* S s S S
77 27 | Q ) Q s Q Q
27A 28 ] S S S 3 S S
278 29 [ L L 1. c L L
27C 30 i L \Y L v s L L
27D 31 i D H H H [ D D
27E 32 I S S S s S S
27F | - X - -
28 33 [ D N ‘I D s D D
29 34 { G G* G < G G
30 35 | K N N N c K K
31 36 i T T N c T T
32 37 | F y* Y Y c F F
33 38 | L L* L ¢ L L
34 39 CDR1 N E N c N N
35 40 FR2 W W w C w w
36 4] L Y Y F o} F L Al

FIG. 19A
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Kabat # FRor | Mouse | Mouse Humanp Human | Surface D9 1D9 Comment
CDR 1D9 x-1I x-1 Acceptor or RK, RKjy
Vx HF-21/28 Core
(005056)
37 42 L L L Q c Q L A2
38 43 Q Q Q ¢ Q Q
39 44 R K K . R R
40 45 P P* P s P P
41 46 G G* G s G G
2 47 Q Q Q c Q Q
43 48 S g S c S S
44 49 P p* P C P P
43 50 K K Q R c R R
46 51 R L L C R R
47 52 L L* L C L L
48 53 1 | 1 C 1 1
49 54 FR2 Y Y Y C Y Y
50 55 CDR2 L X L c L L
51 56 ] v v v K c v v
52 57 | S S S [ S S
53 58 | K N N c K - K
54 39 j L R R N [ L L
55 60 | D F A R [ D D
56 61 CDR2 S S* S s S S
57 62 FR3 G G G S G G
58 63 v vV v C v A
59 64 P P P C P P
60 65 D o D S D D
61 66 R R R C R R
62 67 F F* F C ¥ F
63 68 T S S S C S S
64 69 G G* G C G G
65 70 N S* S C s S
66 71 G G* G C G G
67 72 S S* S s S S
68 73 G G* G C G G
69 74 T T T C T T
70 75 D D* D C D D
71 76 F F* F C F F
72 77 T ™ T c . T T
73 78 L L L c L L
74 79 K K K © K K
75 80 1 1 1 C 1 1
76 81 S S S c 3 S
77 82 R R* R s R R
78 83 v \ v c \ v
79 84 E E E s E E
80 85 A A* A [ A A
81 86 E E* E s E E
82 87 D D* D c D D
83 88 L L v v c v i
84 89 G G* G c G G
85 90 v v 4 ¢ v v
86 91 Y Y Y c Y Y
87 92 Y Y Y C Y Y
88 93 FR3 C C C C C C

FIG. 19B
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Kabat # FRor | Mouse | Mouse Human Human Surface 1D9 1D9 Comment
CDR 1D9 x-I1 x-1I Acceptor or RK, RKy
Vk HF-21/28 Core
(005056)
— -

89 94 CDR3 \i4 F M c W W
96 95 } Q Q* Q M c Q Q
91 96 ] G G A [ G G
92 97 1 T T L c T T
93 98 | H H Q c H H
94 99 | F \4 X s ¥ F
95 100 i P p* P w c P P
95A 1 - P R - -
95B | - - - - -
95C | - - - - -
95D | - - - - -
95E | - - - -
95F I - - - - -
96 101 | Y Y X - c Y Y
97 102 | CDR3 T ™ T F c T T
98 103 FR4 F F* F C F F
99 104 G G G c G G
100 105 G G Q Q c Q G
101 100 G G G c G G
102 106 T T T c T T
103 107 K K* K R 5 R R
104 108 L L \ c L L
105 109 E E E s E E
106 110 1 1 1 s I 1
106A - - - . -
107 111 FR4 K K* K - s K K

FIG. 19C
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Kabat | # FR or Mouse | Mouse Human | Human | Surface 1D9 1D9 Comment
CDR 1D% IHc 1 Acceptor Or RH, RHp
Vy 4B4°CL Core
(000490)
1 1 FR1 E E* E s E E
2 2 ] \Y% 4 \Y C \ )
3 3 | Q K* Q s Q Q
4 4 | L L* L* C L L
5 5 | \4 E \J s v v
6 6 | E E E c E E
7 7 ] S S S* c S S
8 8 I G G G* c G G
9 9 } G G G* c G G
10 10 } G G* G c G G
11 11 ] L L L S L L
12 12 | \ v* \4 c \ \'4
13 13 ] Q Q Q K s X K
14 14 | P P b+ 4 P P
15 415 | K G G* G s G G
16 16 ] G G G s G G
17 17 j S S S* c S S
18 18 1 L M* L* [ L L
19 19 | K K* R R c R R
20 20 i L L L c L L
21 21 | 5 S S* c S S
22 22 | C C C* C C C
23 23 | A Vv A c A A
24 24 | A A A C A A
25 25 | S S S* c S S
26 26 | G G G c G G
27 27 | F F F* C F F
28 28 ] S T T T C T S Al
29 29 | F F* F C F F
30 30 FR1 N S S S S S N A2
31 31 CDR1 A N S N ¢ A A
32 32 } Y Y Y A S Y Y
33 33 | A T A w S A A
34 34 1 M M M c M M
35 35 | N N S S c N N
35a | - - - c - -
35b CDR1 - - - ¢ - -

FIG. 20A
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Kabat # FR or Mouse Mbouse Human Human Surf- 1D9 1D9 Comment
CDR 1D9 Iic o Acceptor ace RH, RHy
Vy 4B4°CL Or
(000490) Core

36 36 FR2 W w w* C w w
37 37 | \4 \4 \'Ad C \ A\
38 38 | R R R* C R R
39 39 ! Q Q Q* c Q Q
40 40 [ A S A [ A A
41 41 ] P P P s P P
42 42 1 G E G* s G G
43 43 1 K K K s K K
44 4 | G G G c G G
45 45 ] L L L* C L L
46 46 i E E* E C E E
47 47 | W W w* C w W
48 48 | N Nk Vv* C v \
49 49 Fr2 A A S G C G G
50 50 CDR2 R E \Y% c R R
51 51 } 1 1 1 c 1 I
52 52 | R R S K s R R
52a 53 | T L G S s T T
52b 54 | K X K* s K K
52¢ 55 1 N S T T c N N
53 56 | N H D D N N
54 57 | N N G G N N
55 58 i Y Y G G Y Y
56 59 | A A S T s A A
57 60 | T T T [ T T
58 61 | Y H Y D c Y Y
59 62 ] Y Y Y c Y Y
60 63 ] A A A ¢ A A
61 64 1 D E D A 5 D D
62 65 | S S S P s S S
63 66 | v 4 v+ c v v
64 67 | K X K s K K
65 68 CDR2 b G G* G s D D
656 69 FR3 R R R* C R R
67 70 i Y F F* F C E F
68 71 | T T T C T T
59 72 i 1 I* I* C 1 1
70 73 ! S S S* S S S
71 74 | R R R* C R R
72 75 } D D D c D D
73 76 | D D N C D D
74 77 } S S S s S S
75 78 i E K K K S K K
76 79 | S S N N S N N
77 80 | M S T T < T T
78 81 | L \ L C L L
79 82 ] F Y Y Y ‘c Y Y
80 83 | L L L* c L L

FIG. 20B
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Kabat # FRor | Mouse Mouse Human Human Surface 19 1D9 Comment
CDR 1D9 e m Acceptor Or RH, RHp
Vu 4B4°CL Core
(0004990)
8 84 | Q Q* Q c Q | 9
82 85 { M M M* C M M
82a 86 | N N N s N N
82b 87 ] N N S S s S S
82c 88 i L L L* c L L
83 89 | X R R s K K
84 90 ] T A A [3 T T
83 91 i E E E s E E
86 92 | D D D C D D
87 93 | T T T c T T
38 94 | A G A* c A A
89 95 |1 M 1 v v 4 \ v
90 96 | Y Y Y* c Y Y
9] 97 i Y Y Y* [ Y Y
92 98 | C c* C* C C C
93 99 | v T A T C T T
94 100 FR3 T T R C T T
95 101 CDR3 F G G D [4 F F
96 102 | Y F R S c Y Y
97 103 | G - X L s G G
98 104 i N - G P [ N N
99 Rl - - X P ¢ - -
100 { - - S H < - -
100a | - L C - -
100D ] - - S [ - -
100 | - - G - -
1004 ] - - X - -
100 ¢ ! - - Y - -
100 f 1 - - Y - -
100 g ] - Y - -
100k ] - - Y - _
31001 N - . H . N
1005 | - - Y - -
100 1 - F F C N -
101 105 ] G A D R C G G
102 106 | CDR3 v Y Y C Vv \4
103 107 FR4 W W W* C \'d W
104 108 1 G G G* C G G
105 109 i T Q Q Q S Q o)
106 110 | G G G* C G G
107 111 an T T ™ C T T
108 112 | T L L L C L L
109 113 | N A\ V* C v N
110 114 1 T T ™ C T T
111 115 i v v v v v
112 116 ] S S S* S S
113 117 FR4 S S S* S S

FIG. 20C
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Comparison of Humanized 1D9
vs. m1DS
125
» mus-1D9
+ hum-1D8
100+
o]
£
2 75
m
»
2 .
;e
25+
0 ' T :
0 1 2 3
log{Concentration, ng/mi}
hum-108 mus-109
Equation 1
Best-fit values
BOTTOM 23.486 22.40
TOP (Constant) 100.0 100.0
LOGECS0 1.452 1.472
HILLSLOPE -1.872 -1.627
ECS0 28.32 29.68
Std. Error
BOTTOM 2.658 3.945
LOGECS0 0.04151 0.06251
HILLSLOPE 0.2946 0.3143
95% Confidence Intervals
BOTTOM 17.18 10 29.74 13.07 10 31.73
LOGECS0 1.354 to 1.550 1.32510 1.620
HILLSLOPE -2.668 10 -1.275 -2.370 to -0.8835
ECS0 22.59 10 35.51 2112 0 41.71
Goodness of Fit
Degrees of Freedom 7 7
R squared 0.9931 0.9858
Absolute Sum of Squares 48.80 88.53
Syx 2.635 3.556
Data
Number of X values 10 10
# of Y replicates (mean analyzed) | 3 3
Total number of values 10 10
Number of missing vaiues 20 20

FIG. 25
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1
HUMANIZED ANTI-CCR2 ANTIBODIES AND
METHODS OF USE THEREFOR

This application is a continuation of U.S. patent applica-
tion Ser. No. 12/694,230, filed Jan. 26, 2010, now U.S. Pat.
No. 8,753,828, issued Jun. 17, 2014, which is a continuation
of U.S. patent application Ser. No. 12/165,588, filed Jun. 30,
2008 (now abandoned), which is a continuation of U.S. patent
application Ser. No. 10/733,563, filed Dec. 10, 2003 (now
abandoned), which is a continuation-in-part of U.S. patent
application Ser. No. 10/272,899, filed Oct. 17, 2002, now
U.S. Pat. No. 7,053,202, issued May 30, 2006, which claims
priority to U.S. provisional application No. 60/392,364, filed
on Jun. 26, 2002, and U.S. provisional application No.
60/350,166, filed on Oct. 19, 2001, the contents of all of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

Over the past several years a growing family of leukocyte
chemoattractant/activating factors, termed chemokines, has
been described (Oppenheim, J. J. et al., Annu. Rev. Immunol.,
9:617-648 (1991); Schall and Bacon, Curr. Opin. Immunol.,
6:865-873 (1994); Baggiolini, M., et al., Adv. Imunol., 55:97-
179 (1994)). Members of this family are produced and
secreted by many cell types in response to early inflammatory
mediators such as IL.-10 or TNFI. The chemokine superfam-
ily comprises two main branches: the I-chemokines (or CXC
chemokines) and the 6-chemokines (CC chemokines). The
I-chemokine branch includes proteins such as 11.-8, neutro-
phil activating peptide-2 (NAP-2), melanoma growth stimu-
latory activity (MGSA/gro or GROI), and ENA-78, each of
which have attracting and activating effects predominantly on
neutrophils. The members of the 8-chemokine branch affect
other cell types such as monocytes, lymphocytes, basophils,
and eosinophils (Oppenheim, J. J. et al., Annu. Rev. Immu-
nol., 9:617-648 (1991); Baggiolini, M., et al., Adv. Imunol.,
55:97-179 (1994); Miller and Krangel, Crit. Rev. Immunol.,
12:17-46 (1992); Jose, P. J., etal., J. Exp. Med., 179:881-118
(1994); Ponath, P. D., et al,, J. Clin. Invest., 97:604-612
(1996)), and include proteins such as monocyte chemotactic
proteins 1-4 (MCP-1, MCP-2, MCP-3, MCP-4 and MCP-5),
RANTES, and macrophage inflammatory proteins (MIP-11,
MIP-16). Recently a new class of membrane-bound chemok-
ines designated CX3C chemokines has been identified (Ba-
zan, J. F., et al., Nature 385:640-644 (1997)). Chemokines
can mediate a range of pro-inflammatory effects on leuko-
cytes, such as triggering of chemotaxis, degranulation, syn-
thesis of lipid mediators, and integrin activation (Oppenheim,
J. J. et al., Annu. Rev. Immunol., 9:617-648 (1991); Baggio-
lini, M., etal., Adv. Imunol., 55:97-179 (1994); Miller, M. D.
and Krangel, M. S., Crit. Rev. Immunol., 12:17-46 (1992)).
Lately, certain 6-chemokines have been shown to suppress
HIV-1 infection of human T cell lines in vitro (Cocchi, F., et
al., Science (Wash. DC), 270:1811-1815 (1995)).

Chemokines bind to 7 transmembrane spanning (7TMS) G
protein-coupled receptors (Murphy, P. M., Annu. Rev. Immu-
nol., 12:593-633 (1994)). Some known receptors for the CC
or 6 chemokines include CCR1, which binds MIP-11 and
RANTES (Neote, K., et al., Cell, 72:415-425 (1993); Gao, J.
L., J. Exp. Med., 177:1421-1427 (1993)); CCR2, which binds
chemokines including MCP-1, MCP-2, MCP-3 and MCP-4
(Charo, 1. F., et al., Proc. Natl. Acad. Sci. USA, 91:2752-2756
(1994); Myers, S. I, et al.,, J. Biol. Chem., 270:5786-5792
(1995); Gong et al., J. Biol Chem 272:11682-11685 (1997);
Garcia-Zepeda et al., J. Immunol. 157:5613-5626 (1996));
CCR3, which binds chemokines including eotaxin, RANTES
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and MCP-3 (Ponath, P. D, et al,, J. Exp. Med., 183:2437-
2448 (1996)); CCR4, which has been found to signal in
response to MCP-1, MIP-11, and RANTES (Power, C. A., et
al., J. Biol. Chem., 270:19495-19500 (1995)); and CCRS5,
which has been shown to signal in response to MIP-11, MIP-
16 and RANTES (Boring, L., et al.,, J. Biol. Chem., 271
(13):7551-7558 (1996); Raport, C. J., I. Biol. Chem., 271:
17161-17166 (1996); and Samson, M. et al., Biochemistry,
35:3362-3367 (1996)).

CCR2 is expressed on the surface of several leukocyte
subsets, and appears to be expressed in two slightly different
forms (CCR2a and CCR2b) due to alternative splicing of the
mRNA encoding the carboxy-terminal region (Charo et al.,
Proc. Natl. Acad. Sci. USA 91:2752-2756 (1994)). MCP-1
acts upon monocytes, lymphocytes and basophils, inducing
chemotaxis, granule release, respiratory burst and histamine
and cytokine release. Studies have suggested that MCP-1 is
implicated in the pathology of diseases such as rheumatoid
arthritis, atherosclerosis, granulomatous diseases and mul-
tiple sclerosis (Koch, J. Clin. Invest. 90:772-79 (1992);
Hosaka et al., Clin. Exp. Immunol. 97:451-457 (1994);
Schwartz etal., Am. J. Cardiol. 71(6):9B-14B (1993); Schim-
mer et al., J. Immunol. 160:1466-1471 (1998); Flory et al.,
Lab. Invest. 69:396-404 (1993); Gong et al., J. Exp. Med.
186:131-137 (1997)). Additionally, CCR2 can act as a co-
receptor for HIV (Connor et al., J. Exp. Med. 185:621-628
(1997)). Thus, CCR2 receptor antagonists may represent a
new class of important therapeutic agents.

SUMMARY OF THE INVENTION

The present invention relates to an antibody or functional
fragment thereof (e.g., an antigen-binding fragment) which
binds to a mammalian CC-chemokine receptor 2 (also
referred to as CCR2, CKR-2, MCP-1RA or MCP-1RB) or
portion of the receptor (anti-CCR2). In one embodiment, the
antibody of the present invention or fragment thereof has
specificity for human or rhesus CCR2 or a portion thereof. In
another embodiment, the antibody or fragment of the inven-
tion blocks binding of a ligand (e.g., MCP-1, MCP-2, MCP-3,
MCP-4, MCP-5, eotaxin) to the receptor and inhibits function
associated with binding of the ligand to the receptor (e.g.,
leukocyte trafficking). For example, as described herein, anti-
bodies and fragments thereof of the present invention which
bind human or rhesus CCR2 or a portion thereof, can block
binding of a chemokine (e.g., MCP-1, MCP-2, MCP-3, MCP-
4, MCP-5, eotaxin) to the receptor and inhibit function asso-
ciated with binding of the chemokine to the receptor. In one
embodiment, the antibody is monoclonal antibody (mAb)
L.S132.1D9 (1D9) or an antibody which can compete with
1D9 for binding to human CCR2 or a portion of human
CCR2. Functional fragments of the foregoing antibodies are
also envisioned.

In another embodiment, the antibody or functional frag-
ment of the present invention binds human CCR2 or a portion
thereof, and inhibits human immunodeficiency virus (HIV)
binding to the receptor, thereby inhibiting function associated
with binding of HIV to the receptor (e.g., HIV antigen release
and infectivity). In one embodiment, the antibody is mono-
clonal antibody 1D9 or an antibody which can compete with
1D9 for binding to human CCR2 or a portion of human
CCR2.

The present invention also relates to an antibody or func-
tional fragment thereof (e.g., an antigen-binding fragment)
which binds to a mammalian CCR2 or portion of the receptor
and provides increased fluorescent staining intensity of
CCR2 or compositions comprising CCR2 relative to other
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anti-CCR2 antibodies. In one embodiment, the antibody is
monoclonal antibody 1D9 or LS132.8G2 (8G2) or an anti-
body which can compete with 1D9 or 8G2 for binding to
human CCR2 or a portion of human CCR2.

The present invention also relates to a humanized immu-
noglobulin or antigen-binding fragment thereof having bind-
ing specificity for CCR2, said immunoglobulin comprising
an antigen binding region of nonhuman origin (e.g., rodent)
and at least a portion of an immunoglobulin of human origin
(e.g., a human framework region, a human constant region of
the gamma type). In one embodiment, the humanized immu-
noglobulin or fragment thereof described herein can compete
with 1D9 for binding to CCR2. In a preferred embodiment,
the antigen binding region of the humanized immunoglobulin
is derived from monoclonal antibody 1D9 (e.g., an immuno-
globulin comprising the variable regions of the light and
heavy chains as shown in FIG. 7 (SEQ ID NO: 9) and FIG. 8
(SEQ ID NO: 10), respectively). In some embodiments, the
humanized immunoglobulin or antigen binding fragment
thereof can further include all or a portion of a constant region
of human origin, e.g., all or a portion of a human heavy chain
constant region and/or a human light chain constant region. In
some embodiments, the humanized immunoglobulin or anti-
gen binding portion thereof can include all or a portion of
human constant region having one or more mutations, e.g.,
one or more mutations that reduce binding to Fc receptors
and/or the ability to fix complement. For example, the human
constant region or portion thereof can be a heavy chain con-
stant region, e.g., a gamma heavy chain constant region, or
portion thereof that includes a mutation at residues 235 and
237 of the human gamma constant region. The mutation at
residue 235 can be from a leucine to an alanine. The mutation
at residue 237 can be from a glycine to an alanine. In one
embodiment, the humanized immunoglobulin includes all or
a portion of the heavy chain constant region of SEQ ID
NO:110 and/or a light chain constant region of SEQ ID
NO:112.

The humanized immunoglobulin or antigen-binding frag-
ment thereof can comprise an antigen binding region com-
prising at least one complementarity determining region
(CDR) of nonhuman origin, and a framework region (FR)
derived from a human framework region. In one aspect, the
humanized immunoglobulin having binding specificity for
CCR2 comprises a light chain comprising at least one CDR
derived from an antibody of nonhuman origin which binds
CCR2 and a FR derived from a light chain of human origin
(e.g., from HF-21/28), and a heavy chain comprising a CDR
derived from an antibody of nonhuman origin which binds
CCR2 and a FR derived from a heavy chain of human origin
(e.g., from 4B4'CL). In another aspect, the light chain com-
prises three CDRs derived from the light chain of the 1D9
antibody, and the heavy chain comprises three CDRs derived
from the heavy chain of the 1D9 antibody. In some embodi-
ments, the humanized immunoglobulin further includes all or
a portion of the heavy chain constant region of SEQ ID
NO:110 and/or a light chain constant region of SEQ ID
NO:112.

The present invention also relates to humanized immuno-
globulin light chains and antigen-binding fragments thereof
(e.g., comprising CDR1, CDR2 and CDR3 of the light chain
of the 1D9 antibody, and a human light chain FR), and to
humanized immunoglobulin heavy chains and antigen-bind-
ing fragments thereof (e.g., comprising CDR1, CDR2 and
CDR3 of the heavy chain of the 1D9 antibody, and a human
heavy chain FR). In a preferred embodiment, the invention
relates to humanized heavy and light chains described herein
(e.g., ahumanized light chain comprising the variable region
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of'the light chain shown in FIG. 7 (SEQ ID NO: 9), a human-
ized heavy chain comprising the variable region of the heavy
chain shown in FIG. 8 (SEQ ID NO: 10). Also encompassed
are humanized immunoglobulins comprising one or more
humanized light and/or heavy chains.

The subject invention also relates to a humanized immu-
noglobulin or antigen-binding fragment thereof having bind-
ing specificity for CCR2 comprising a heavy chain and a light
chain, wherein said light chain comprises at least one comple-
mentarity determining region derived from murine mono-
clonal antibody 1D9 and a framework region derived from the
light chain of human antibody HF-21/28, and wherein said
heavy chain comprises at least one complementarity deter-
mining region derived from murine monoclonal antibody
1D9 and a framework region derived from the heavy chain of
human antibody 4B4'CL. In one embodiment, the light chain
comprises three complementarity determining regions
derived from the light chain of the 1D9 antibody, and the
heavy chain comprises three complementarity determining
regions derived from the heavy chain of the 1D9 antibody. In
another embodiment, the complementarity determining
regions derived from the light chain of 1D9 are amino acids
24-39 of SEQ ID NO: 9, amino acids 55-61 of SEQ ID NO: 9
and amino acids 94-102 of SEQ ID NO: 9, and the comple-
mentarity determining regions derived from the heavy chain
of'1D9 are amino acids 31-35 of SEQ ID NO: 10, amino acids
50-68 of SEQ ID NO: 10 and amino acids 101-106 of SEQ ID
NO: 10. In some embodiments, the humanized immunoglo-
bulin further includes all or a portion of the heavy chain
constant region of SEQ ID NO:110 and/or a light chain con-
stant region of SEQ ID NO:112.

The invention further relates to a humanized immunoglo-
bulin or antigen-binding fragment thereof having binding
specificity for CCR2 comprising a light chain and a comple-
mentary heavy chain, wherein said light chain comprises a
variable region comprising SEQ ID NO: 12. In some embodi-
ments, the light chain can further include all or a portion of a
light chain constant region of human origin, e.g., akappa light
chain constant region of human origin. Preferably, the light
chain constant region includes all or a portion of the light
chain constant region of SEQ ID NO:112. The invention also
relates to a humanized immunoglobulin or antigen-binding
fragment thereof having binding specificity for CCR2 com-
prising a heavy chain and a complementary light chain,
wherein said heavy chain comprises a variable region com-
prising SEQ ID NO: 17. In some embodiments, the heavy
chain can further include all or a portion of a heavy chain
constant region of human origin, e.g., a gamma heavy chain
constant region of human origin. Preferably, the heavy chain
constant region includes all or a portion of the heavy chain
constant region of SEQ ID NO:110. In a preferred embodi-
ment, the invention relates to a humanized immunoglobulin
or antigen-binding fragment thereof having binding specific-
ity for CCR2 comprising a heavy chain and a light chain,
wherein said light chain comprises a variable region compris-
ing SEQ ID NO: 12, and wherein said heavy chain comprises
a variable region comprising SEQ ID NO: 17. In other pre-
ferred embodiments, the invention relates to a humanized
immunoglobulin or antigen binding fragment thereof having
a light and heavy chain, wherein the light chain includes a
variable region comprising SEQ ID NO: 12 and a constant
region comprising all or a portion of SEQ ID NO: 112, and
wherein the heavy chain includes a variable region compris-
ing SEQ ID NO:17 and a constant region comprising all or a
portion of SEQ ID NO:110. In one embodiment, the human-
ized immunoglobulin or antigen-binding fragment can com-
pete with murine antibody 1D9 for binding to CCR2. In a
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further embodiment, the humanized immunoglobulin or anti-
gen-binding fragment inhibits binding of a ligand to CCR2. In
some embodiments, the humanized immunoglobuli or anti-
gen binding fragment thereof includes at least two light
chains and at least two heavy chains.

The invention further relates to isolated nucleic acid mol-
ecules comprising a nucleic acid sequence which encodes a
humanized immunoglobulin of the present invention (e.g., a
single chain antibody), as well as to isolated nucleic acid
molecules comprising a sequence which encodes a human-
ized immunoglobulin light chain (e.g., a sequence encoding a
light chain variable region comprising SEQ ID NO: 109 or
SEQ ID NO: 98 and/or a sequence encoding a light chain
constant region comprising SEQ ID NO: 113, SEQ ID
NO:117, or portions thereof) or heavy chain (e.g., a sequence
encoding a light chain variable region comprising SEQ ID
NO: 108 or SEQ ID NO:97 and/or a sequence encoding a
heavy chain constant region of SEQ ID NO: 111, SEQ ID
NO:115, or portions thereof) of the present invention. For
example, the present invention provides a nucleic acid (e.g., a
fused nucleic acid) encoding a humanized immunoglobulin
light or heavy chain comprising a first nucleic acid sequence
encoding an antigen binding region derived from murine 1D9
monoclonal antibody; and a second nucleic acid sequence
encoding at least a portion of a constant region of an immu-
noglobulin of human origin. In one embodiment, the inven-
tion provides a nucleic acid (e.g., a fused nucleic acid) encod-
ing a humanized light chain that includes a first nucleic acid
comprising SEQ ID NO:109 and a second nucleic acid com-
prising SEQ ID NO:113 or a portion thereof. In another
embodiment, the invention provides a nucleic acid (e.g., a
fused nucleic acid) encoding a humanized heavy chain that
includes a first nucleic acid comprising SEQ ID NO:108 and
a second nucleic acid comprising SEQ ID NO:111 or a por-
tion thereof.

The invention also relates to isolated nucleic acid mol-
ecules comprising a nucleic acid sequence which encodes a
humanized immunoglobulin of the present invention (e.g., a
single chain antibody), as well as to isolated nucleic acid
molecules comprising a sequence which encodes a human-
ized immunoglobulin light chain (e.g., a sequence encoding
an amino acid sequence of SEQ ID NO:12, 13, 14, or 15
and/or a sequence encoding an amino acid of SEQ ID NO:
111, 116 or portions thereof) or heavy chain (e.g., a sequence
encoding an amino acid sequence of SEQ ID NO: 17, 18, 19
or 20 and/or a sequence encoding an amino acid sequence of
SEQ ID NO: 110, 114 or portions thereof.

The present invention further relates to a construct com-
prising a nucleic acid molecule encoding a humanized immu-
noglobulin having binding specificity for CCR2 or a chain of
such an immunoglobulin. For example, an expression vector
comprising a gene (e.g., a fused gene) encoding a humanized
immunoglobulin light chain, comprising a nucleotide
sequence encoding a CDR derived from a light chain of a
nonhuman antibody having binding specificity for CCR2, and
a framework region derived from a light chain of human
origin, is provided. An expression vector comprising a gene
encoding a humanized immunoglobulin heavy chain, com-
prising a nucleotide sequence encoding a CDR derived from
a heavy chain of'a nonhuman antibody having binding speci-
ficity for CCR2, and a framework region derived from a heavy
chain of human origin is another example of such a construct.
In one embodiment, the expression vector can include a
nucleic acid encoding a light chain that includes a first nucleic
acid sequence encoding a light chain variable region, e.g.,
SEQ ID NO:109, and a second nucleic acid sequence encod-
ing a light chain constant region, e.g., SEQ ID NO:113 or a
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portion thereof. In another embodiment, the expression vec-
tor can include a nucleic acid encoding a heavy chain that
includes a first nucleic acid sequence encoding a heavy chain
variable region, e.g., SEQ ID NO:108, and a second nucleic
acid sequence encoding a heavy chain constant region, e.g.,
SEQ ID NO:111 or a portion thereof. In some embodiments,
the expression vector can include a nucleic acid encoding a
light chain as described herein and a nucleic acid encoding a
heavy chain as described herein. In some embodiments, the
expression vector will express a light chain (e.g., a light chain
variable region of SEQ ID NO: 12 and/or a heavy chain
constant region of SEQ ID NO:112 or a portion thereot)
and/or a heavy chain (e.g., a heavy chain variable region of
SEQ ID NO:17 and/or a heavy chain constant region of SEQ
ID NO:110 or a portion thereof). The nucleic acid encoding
one or more of the light chain variable region, the light chain
constant region, the heavy chain variable region and the heavy
chain constant region can further include additional sequence
on one or more of the 5' or 3' ends (e.g., a restriction enzyme
site and/or flanking sequence) which, when properly inserted
into the vector, does not encode amino acids expressed as part
of the polypeptide. For example, the nucleotide sequence of
SEQ ID Nos: 98, 117, 97 and 115 include additional
sequences that are not expressed as part of the polypeptide.

The present invention also relates to a host cell comprising
a nucleic acid molecule of the present invention, including
one or more constructs comprising a nucleic acid molecule of
the present invention. In one embodiment, the invention
relates to a host cell comprising a first recombinant nucleic
acid encoding a humanized immunoglobulin light chain, and
a second recombinant nucleic acid encoding a humanized
immunoglobulin heavy chain, said first nucleic acid compris-
ing a nucleotide sequence encoding a CDR derived from the
light chain of murine 1D9 antibody and a framework region
derived from a light chain of human origin; and said second
nucleic acid comprising a nucleotide sequence encoding a
CDR derived from the heavy chain of murine 1D9 antibody
and a framework region derived from a heavy chain of human
origin. In one embodiment, the host cell can include a nucleic
acid encoding a light chain that includes a first sequence
encoding a light chain variable region, e.g., SEQ ID NO:109,
and a second sequence encoding a light chain constant region,
e.g., SEQ ID NO:113 or a portion thereof. In another embodi-
ment, the host cell can include a nucleic acid encoding a
heavy chain that includes a first sequence encoding a heavy
chain variable region, e.g., SEQ ID NO:108, and a second
sequence encoding a heavy chain constant region, e.g., SEQ
ID NO:111 or a portion thereof. In preferred embodiments,
the host cell includes a nucleic acid encoding a light chain
described herein and a nucleic acid encoding a heavy chain
described herein.

The present invention also provides a method of preparing
a humanized immunoglobulin, or antigen binding fragment
thereof, comprising maintaining a host cell of the present
invention under conditions appropriate for expression of a
humanized immunoglobulin, whereby a humanized immuno-
globulin chain(s) is expressed and a humanized immunoglo-
bulin or antigen binding fragment thereof is produced. The
method can further comprise the step of isolating the human-
ized immunoglobulin.

The humanized immunoglobulins, and antigen binding
fragments thereof, of the present invention can be less immu-
nogenic than their murine or other nonhuman counterparts.
Thus, the humanized immunoglobulins, and antigen binding
fragments thereof, described herein can be used as therapeu-
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tic agents in humans, for example to control lymphocyte
homing to mucosal lymphoid tissue, thereby, reducing
inflammatory responses.

The invention further relates to a humanized immunoglo-
bulin of the present invention for use in diagnosis or therapy
(including prophylaxis). In one embodiment, the invention
relates to a humanized immunoglobulin, or antigen binding
fragment thereof, of the present invention for use in the treat-
ment of diseases associated with leukocyte infiltration of
tissues, for example, in the treatment of inflammatory dis-
eases, autoimmune diseases, graft rejection, HIV infection
and monocyte-mediated disorders such as atherosclerosis.

In another aspect, the invention relates to use of a human-
ized immunoglobulin, or antigen binding fragment thereof, of
the present invention for the manufacture of a medicament for
the treatment of diseases associated with leukocyte infiltra-
tion of tissues, for example, in the treatment of inflammatory
diseases, autoimmune diseases, monocyte-mediated disor-
ders such as atherosclerosis, graft rejection, or HIV infection.

The present invention further relates to a method of inhib-
iting the interaction of a cell bearing mammalian (e.g.,
human, non-human primate or murine) CCR2 with a ligand
thereof, comprising contacting the cell with an effective
amount of an antibody or functional fragment thereof which
binds to a mammalian CCR2 or a portion of CCR2, e.g., an
antibody or antigen binding fragment thereof described
herein. Suitable cells include granulocytes, leukocytes, such
as monocytes, macrophages, basophils and eosinophils, mast
cells, and lymphocytes including T cells (e.g., CD8+ cells,
CD4+ cells, CD25+ cells, CD45RO+ cells), and other cells
expressing CCR2 such as a recombinant cell expressing
CCR2 (e.g., transfected cells). In a particular embodiment,
the antibody is 1D9 or an antibody which can compete with
1D9 for binding to human CCR2 or a portion of human
CCR2.

Another embodiment of the invention relates to a method
of inhibiting the interaction of a cell bearing mammalian
CCR2 with a chemokine, comprising contacting said cell
with an effective amount of an antibody or functional frag-
ment thereof which binds to CCR2 or a portion of said recep-
tor, e.g., an antibody or functional fragment thereof described
herein. In one embodiment of the method, the antibody or
functional fragment thereof is any one or more of 1D9, an
antigen-binding fragment of 1D9 or an antibody or fragment
thereof having an epitopic specificity which is the same as or
similar to that of 1D9. Furthermore, the invention relates to a
method of inhibiting a function associated with binding of a
chemokine to CCR2, comprising administering an effective
amount of an antibody or functional fragment thereof which
binds to a mammalian CCR2 protein or a portion of said
receptor, e.g., an antibody or functional fragment thereof
described herein. In one aspect of the method, the antibody or
functional fragment thereof is any one or more of 1D9, an
antigen-binding fragment of 1D9 or an antibody or fragment
thereof having an epitopic specificity which is the same as or
similar to that of 1D9.

Another aspect of the invention is a method of identifying
expression of a mammalian CCR2 or portion of the receptor
by a cell. According to the method, a composition comprising
a cell or fraction thereof (e.g., a membrane fraction) is con-
tacted with an antibody or functional fragment thereof (e.g.,
1D9 or 8G2) which binds to a mammalian CCR2 protein or
portion of the receptor, e.g., an antibody or functional frag-
ment thereof described herein, under conditions appropriate
for binding of the antibody thereto, and the formation of a
complex between said antibody or fragment and said protein
or portion thereof is detected. Detection of the complex,
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directly or indirectly, indicates the presence of the receptor on
the cell. The present invention also relates to a kit for use in
detecting the presence of CCR2 or a portion thereof in a
biological sample, comprising an antibody or functional frag-
ment thereof which binds to a mammalian CC-chemokine
receptor 2 or a portion of said receptor, e.g., an antibody or
functional fragment thereof described herein, and one or
more ancillary reagents suitable for detecting the presence of
acomplex between said antibody or fragment and said protein
or portion thereof.

Also encompassed by the present invention are methods of
identifying additional ligands or other substances which bind
a mammalian CCR2 protein, including inhibitors and/or pro-
moters of mammalian CCR2 function. For example, agents
having the same or a similar binding specificity as that of an
antibody of the present invention or functional fragment
thereof can be identified by a competition assay with said
antibody or fragment. Thus, the present invention also
encompasses methods of identitying ligands or other sub-
stances which bind the CCR2 receptor, including inhibitors
(e.g., antagonists) or promoters (e.g., agonists) of receptor
function. In one embodiment, cells which naturally express
CCR2 receptor protein or suitable host cells which have been
engineered to express a CCR2 receptor or variant encoded by
anucleic acid introduced into said cells are used in an assay to
identify and assess the efficacy of ligands, inhibitors or pro-
moters of receptor function. Such cells are also useful in
assessing the function of the expressed receptor protein or
polypeptide.

Thus, the invention also relates to a method of detecting or
identifying an agent which binds a mammalian CCR2 or
ligand binding variant thereof, comprising combining an
agent to be tested, an antibody or antigen-binding fragment of
the present invention (e.g., monoclonal antibody 1D9, an
antibody having an epitopic specificity which is the same as
or similar to that of 1D9, antigen-binding fragments of 1D9,
monoclonal antibody 8G2, an antibody having an epitopic
specificity which is the same as or similar to that of 8G2, and
antigen-binding fragments of 8G2) and a composition com-
prising a mammalian CCR2 protein or a ligand binding vari-
ant thereof. The foregoing components can be combined
under conditions suitable for binding of the antibody or anti-
gen-binding fragment to mammalian CCR2 protein or a
ligand binding variant thereof, and binding of the antibody or
fragment to the mammalian CCR2 protein or ligand binding
variant is detected or measured, either directly or indirectly,
according to methods described herein or other suitable meth-
ods. A decrease in the amount of complex formed relative to
asuitable control (e.g., inthe absence of the agent to be tested)
is indicative that the agent binds said receptor or variant. The
composition comprising a mammalian CCR2 protein or a
ligand binding variant thereof can be a membrane fraction of
a cell bearing recombinant CCR2 protein or ligand binding
variant thereof. The antibody or fragment thereof can be
labeled with a label such as a radioisotope, spin label, antigen
label, enzyme label, fluorescent group and chemiluminescent
group. These and similar assays can be used to detect agents,
including ligands (e.g., chemokines which interact with
CCR2) or other substances, including inhibitors or promoters
of receptor function, which can bind CCR2 and compete with
the antibodies described herein for binding to the receptor.

According to the present invention, ligands, inhibitors or
promoters of receptor function can be identified in a suitable
assay, and further assessed for therapeutic effect. Inhibitors of
receptor function can be used to inhibit (reduce or prevent)
receptor activity, and ligands and/or promoters can be used to
induce (trigger or enhance) normal receptor function where
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indicated. The present invention also provides a method of
treating inflammatory diseases, autoimmune diseases, ath-
erosclerosis, and graft rejection, or HIV infection, compris-
ing administering an inhibitor of receptor function (e.g.,
chemokine binding or HIV binding) to an individual (e.g., a
mammal, such as a human). The present invention further
provides a method of stimulating receptor function by admin-
istering a novel ligand or promoter to an individual, providing
anew approach to selective stimulation of leukocyte function,
which is useful, for example, in the treatment of infectious
diseases and cancer.

Another aspect of the invention relates to a method of
inhibiting HIV infection of a cell which expresses a mamma-
lian CCR2 or portion thereof, comprising contacting the cell
with an effective amount of an antibody or functional frag-
ment thereof which binds to amammalian CCR2 or portion of
the receptor (e.g., an antibody or functional fragment thereof
described herein) and inhibits HIV binding and infection. In
a particular embodiment of the invention, the antibody or
functional fragment thereof'is any of 1D9, an antibody having
an epitopic specificity which is the same as or similar to that
of' 1D9, an antibody which can compete with 1D9 for binding
to human CCR2, and antigen-binding fragments thereof.

Also encompassed by the present invention is a method of
inhibiting (e.g., treating) HIV in a patient, comprising admin-
istering to the patient an effective amount of an antibody or
functional fragment thereof which binds to a mammalian
CCR2 or a portion of said receptor (e.g., an antibody or
functional fragment thereof described herein) and inhibits
HIV binding to the CCR2 receptor. The anti-CCR2 antibody
or fragment can be administered alone or in combination with
one or more additional therapeutic agents, e.g., one or more
antibodies which bind a co-receptor for HIV infection and
inhibit binding to said co-receptor, such as an anti-CCR3,
anti-CCRS, and/or anti-CXCR4 antibody.

Another aspect of the invention also relates to a method of
preventing or inhibiting HIV infection in an individual, com-
prising administering to the individual an effective amount of
an antibody or functional fragment thereof which binds to
CCR2 (e.g., an antibody or functional fragment thereof
described herein) and inhibits HW binding to CCR2. Accord-
ing to the method, preventing HIV infection includes treat-
ment in order to prevent (reduce or eliminate) infection of
new cells in an infected individual or in order to prevent
infection in an individual who may be, may have been or has
been exposed to HIV. For example, individuals such as an
HIV infected individual, a fetus of an HIV infected female, or
a health care worker can be treated according to the method of
the present invention.

The present invention also encompasses a method of inhib-
iting leukocyte trafficking in a patient, comprising adminis-
tering to the patient an effective amount of an antibody or
functional fragment thereof which binds to a mammalian
CCR2 or portion of said receptor (e.g., an antibody or func-
tional fragment thereof described herein) and inhibits func-
tion associated with binding of a ligand to the receptor.

The present invention also relates to a method of inhibiting
or treating CCR2-mediated disorders, such as inflammatory
disorders, comprising administering to a patient an effective
amount of an antibody or functional fragment thereof which
binds to amammalian CCR2 or portion of said receptor (e.g.,
an antibody or functional fragment thereof described herein)
and inhibits CCR2-mediated function. For example, the
invention relates to a method of inhibiting or treating stenosis
or restenosis of the vasculature comprising administering to a
patient an effective amount of an antibody or functional frag-
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ment thereof which binds to amammalian CCR2 or portion of
said receptor and inhibits CCR2-mediated function.

The present invention further relates to an antibody or
fragment thereof as described herein (e.g., humanized mono-
clonal antibody 1D9 or an antigen-binding fragment thereof)
for use in therapy (including prophylaxis) or diagnosis, and to
theuse of such an antibody or fragment for the manufacture of
amedicament for the treatment of a CCR2-mediated disorder,
or other disease or inflammatory condition as described
herein.

Also included in the invention are immunoglobulin light or
heavy chains or fragments thereof of any antibody or immu-
noglobulin described herein. This can also included for
nucleic acids encoding such antibodies or immunoglobulins
or fragments thereof, vectors, and cells transformed with the
vectors.

BRIEF DESCRIPTION OF THE FIGURES

FIGS. 1A-10 are a fluorescence activated cell scanning
(FACS) histogram profile illustrating that mAbs 1D9 and 8G2
stain CCR2 transfectants but not CCR5 or CCR1 transfec-
tants. 1.1/2 (also referred to herein as 1.1.2) murine pre-B
lymphoma host cells were transfected with CCR2, CCRS and
CCR1 as indicated, and stained with antibodies with different
receptor specificities. Staining was analyzed by flow cytom-
etry.

FIGS. 2A-2L are a FACS dot plot showing expression of
CCR2 on most monocytes, a subpopulation of lymphocytes
and a small subset of granulocytes. Whole blood cells were
stained with one of three anti-CCR2 mAbs (5A11, generated
using a peptide consisting of the first 32 amino acids of the
CCR2 amino-terminus as an immunogen, and 1D9 and 8G2
generated as described herein using CCR2b [.1/2 cell trans-
fectants as the immunogen). Staining was analyzed by flow
cytometry, and the lymphocyte, granulocyte and monocyte
populations were gated using the forward and side light scat-
ter. The X-axis represents forward light scatter (a measure of
cell size), and the Y-axis fluorescence intensity of staining for
CCR2. The level of negative control staining is indicated by a
line.

FIGS. 3A-31 are a FACS dot plot showing that mAb 1D9
stains an IgE positive population in peripheral blood (baso-
phils) using two-color staining for IgE and CCR2. Whole
blood cells were first stained with either a negative control
antibody (anti-Flag), anti-CCR2 antibody 1D9, or an anti-
CXCRI1 antibody, as indicated, and detected by an anti-
mouse-FITC conjugate. A second staining was done using
either PBS or a biotinylated antibody specific for IgE or
CD16, as indicated, and detected with a streptavidin-phyco-
erythrin. Staining was analyzed by flow cytometry.

FIG. 4 illustrates that mAb 1D9 inhibits [1251]MCP-1
binding to THP-1 cell membranes. 3.0 Tg of THP-1 mem-
brane protein was incubated with 0.1 nM [125T]MCP-1 in the
presence of various concentrations of 1D9 or the isotype-
matched anti-CXCR3 antibody 1C6. The amount of bound
tracer was determined by separation of free from bound by
filtration and scintillation counting. The data was analyzed to
determine the IC50 value by non-linear regression using a
4-parameter logistic equation with KaleidaGraph software.

FIG. 5 illustrates that mAb 1D9 inhibits [1251]MCP-1
binding to fresh human PBMC. Freshly isolated peripheral
blood mononuclear cells (500,000) were incubated with 0.1
nM [1251]MCP-1 in the presence of various concentrations of
1D9 or the isotype-matched anti-CXCR3 antibody 106. The
amount of bound tracer was determined by separation of free
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from bound by filtration and scintillation counting. The data
was analyzed to determine the IC50 value as for FIG. 4.

FIGS. 6A and 6B are graphs demonstrating that mAb 1D9
inhibits MCP-1-induced chemotaxis, but not RANTES-in-
duced chemotaxis, of fresh PBMC. FIG. 6 A shows the results
of chemotaxis assays of PBMC to 10 nM MCP-1 with no
antibody, or 0.1 or 10 Tg/ml of 1D9 or nonspecific murine
IgG2a. The spontaneous nonspecific migration is also indi-
cated. FIG. 6B shows the results of chemotaxis assays of
PBMC to 10nM RANTES with no antibody, 10 Tg/ml 1D9 or
10 Tg/ml nonspecific murine IgG2a. The spontaneous non-
specific migration in the absence of RANTES is also indi-
cated.

FIG. 7 shows the amino acid sequence (SEQ ID NO: 9) of
the kappa light chain variable region of the murine 1D9 anti-
body. The CDRs are highlighted in bold.

FIG. 8 shows the amino acid sequence (SEQ ID NO: 10) of
the heavy chain variable region of the murine 1D9 antibody.
The CDRs are highlighed in bold.

FIG. 9 illustrates the canonical classes of CDRs in the
murine 1D9 VK region. “Chothia Canonical Classes” indi-
cates where the canonical classes as defined by Chothia and
his colleagues (Chothia and Lesk, J. Mol. Biol. 197:901
(1987); Chothia et al., Nature 34:877 (1989); Tramontano et
al., J. Mol. Biol. 215:175 (1990); and Chothia et al., J. Mol.
Biol. 227:799 (1992)) were used, while “Martin Canonical
Classes” signifies where the canonical classes defined by
Martin and Thornton (Martin and Thornton, J. Mol. Biol.
263:800 (1996)) were used. FR residues are highlighted in
bold.

FIG. 10 illustrates the canonical classes of CDRs in the
murine 1D9 VH region. “Chothia Canonical Classes” indi-
cates where the canonical classes as defined by Chothia and
his colleagues (Chothia and Lesk, J. Mol. Biol. 197:901
(1987); Chothia et al., Nature 34:877 (1989); Tramontano et
al., J. Mol. Biol. 215:175 (1990); and Chothia et al., J. Mol.
Biol. 227:799 (1992)) were used, while “Martin Canonical
Classes” signifies where the canonical classes defined by
Martin and Thornton (Martin and Thornton, J. Mol. Biol.
263:800 (1996)) were used. FR residues are highlighted in
bold.

FIG. 11 shows the amino acid sequences of various ver-
sions of the humanized 1D9 VK region (SEQ ID NOS: 12-15
and 107, respectively). Where the 1D9 VK region residues
(SEQID NO: 9) and the human HF-21/28 VK region (SEQ ID
NO: 11) sequences match a dot [.] is shown. Where no amino
acid is present at a specific residue position a dash [-] is
shown. Where an amino acid in the HF-21/28 FRs is changed
in the humanized 1D9 VK region, it is highlighted in bold.
The CDRs are described by the use of nomenclature

=[.1==]. The numbering used is according to Kabat et al.,
Sequences of proteins of immunological interest, Fifth edi-
tion, U.S. Department of Health and Human Services, U.S.
Government Printing Office (1991).

FIG. 12 shows the amino acid sequences of various ver-
sions of the humanized 1D9 VH region (SEQ ID NOS: 17-20,
respectively). Where the 1D9 VH region residues (SEQ ID
NO: 10) and the human 4B4'CL VH region sequences (SEQ
ID NO: 16) match a dot [.] is shown. Where no amino acid is
present at a specific residue position a dash [-] is shown.
Where an amino acid in the 4B4'CL is changed in the human-
ized 1D9 VH region, it is highlighted in bold. The CDRs
are described by the use of nomenclature [==H1==|, while
[----- ] denotes part of the H1 structure loop. The numbering
used is according to Kabat et al., Sequences of proteins of
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immunological interest, Fifth edition, U.S. Department of
Health and Human Services, U.S. Government Printing
Office (1991).

FIG. 13 shows a comparison of a portion of the murine 1D9
VK region (SEQ ID NO: 21) with mouse germline VK gene
sequences (SEQ ID NOS: 22-33, respectively). “Identical
residues” represents the number of identical residues in a
mouse germline VK region to the murine 1D9 VK region.
Where the 1D9 VK region sequence and the mouse germline
VK region sequences match a dot [.] is shown. Where no
amino acid is present at a specific residue position a dash [-]
is shown.

FIG. 14 shows a comparison of a portion of the murine 1D9
VH region (SEQ ID NO: 34) with mouse germline VH gene
sequences (SEQ ID NOS: 35-53, respectively). “Identical
residues” represents the number of identical residues in a
mouse germline VH region to the murine 1D9 VH region.
Where the 1D9 VH region sequence and the mouse germline
VH region sequences match a dot [.] is shown. Where no
amino acid is present at a specific residue position a dash [-]
is shown.

FIG. 15 shows a comparison of the murine 1D9 VK region
(SEQ ID NO: 9) with the most homologous seventeen human
VK amino acid sequences (SEQ ID NOS: 54-70, respec-
tively). “ID” represents the percentage identity of the human
VK sequences to the murine 1D9 VK region. Where the 1D9
VK region residues and the human VK region sequences
match a dot [.] is shown. Where no amino acid is present at a
specific residue position a dash [-] is shown. “S” indicates
amino acid positions on the surface of the FV domain. “C”
indicates residues located within the core of the FV domain.
Residues within 5 A of a CDR are defined using capital
letters, while those located further away are described with a
lower case letter. The CDRs themselves are described by the
use of the nomenclature ==[.1==. *“v”* denotes the Vernier
residues (Foote and Winter, J. Mol. Biol. 224:487 (1992))
located in the FRs. Those residues in the human VK region
sequences which are underlined differ from their closest
human VK germline gene. The numbering used is as accord-
ing to Kabat et al., Sequences of proteins of immunological
interest, Fifth edition, U.S. Department of Health and Human
Services, U.S. Government Printing Office (1991).

FIG. 16 shows a comparison of the murine 1D9 VK region
with the most homologous seventeen human VK amino acid
sequences. “ID” indicates the percentage identity of the
human VK sequence to the murine 1D9 VK region. “Surface”
indicates the number of identical residues on the surface.
“Core” indicates the number of identical residues within the
core of the FV domain. “CDR” indicates the number of iden-
tical residues within the CDRs. “FR” indicates the number of
identical residues within the FRs. “FR Surface” indicates the
number of identical residues which are surface exposed. “FR
Core” indicates the number of identical residues which are
located within the core of the FV domain. “FR Near CDR”
represents the number of identical residues amongst the FR
amino acids within 5 A of a CDR. “Vernier” indicates the
number of identical residues amongst the 14 Vernier amino
acids (Foote and Winter, J. Mol. Biol. 224:487 (1992)). “VK”
indicates the number of identical residues within the VK
gene. “J Chain” indicates the number of identical residues
within the J chain gene. “LL1 Len” to “L.3 Len” defines the
number of residues in each CDR, while “L1 Class” to “L3
Class” describes the canonical class of the CDR according to
Martin and Thornton (Martin and Thornton, J. Mol. Biol.
263:800 (1996)).

FIGS. 17A-17B show a comparison of the murine 1D9 VH
region (SEQ ID NO: 10) with the most homologous 24 human
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VH amino acid sequences (SEQ ID NOS: 71-94, respec-
tively). “ID” represents the percentage identity of the human
VH sequences to the murine 1D9 VH region. Where the 1D9
VH region residues and the human VH region sequences
match a dot [.] is shown. Where no amino acid is present at a
specific residue position a dash [-] is shown. “S” indicates
amino acid positions on the surface of the FV domain. “C”
indicates residues located within the core of the FV domain.
Residues within 5 A of a CDR are defined using capital
letters, while those located farther away are described with a
lower case letter. The CDRs themselves are described by the
use of the nomenclature ==H1==. “v” denotes the Vernier
residues (Foote and Winter, J. Mol. Biol. 224:487 (1992))
located in the FRs. Those residues in the human VH region
sequences which are underlined differ from their closest
human VH germline gene. The numbering used is as accord-
ing to Kabat et al., Sequences of proteins of immunological
interest, Fifth edition, U.S. Department of Health and Human
Services, U.S. Government Printing Office (1991).

FIGS. 18A-18B show a comparison of the murine 1D9 VH
region with the most homologous 24 human VH amino acid
sequences. “ID” indicates percentage identity of the human
VH sequence to the murine 1D9 VH region. “All” indicates
the number of identical residues in the whole of the human
VH region when compared to the whole of the murine 1D9
VH region. “Surface” indicates the number of identical resi-
dues on the surface. “Core” indicates the number of identical
residues within the core of the FV domain. “CDR” indicates
the number of identical residues within the CDRs. “FR”
indicates the number of identical residues within the Frs. “FR
Surface” indicates the number of identical residues which are
surface exposed. “FR Core” indicates the number of identical
residues which are located within the core of the FV domain.
“FR Near CDR” represents the number of identical residues
amongst the FR amino acids within 5 A of a CDR. “Vernier”
indicates the number of identical residues amongst the 14
Vernier amino acids (Foote and Winter, J. Mol. Biol. 224:487
(1992)). “VH” indicates the number of identical residues
within the VH gene. “J Chain” indicates the number of iden-
tical residues within the J chain gene. “H1 Size” to “H3 Size”
define the number of residues in each CDR, while “H1 Class”
and “H2 Class” describe the canonical class of the CDR
according to Martin and Thornton, (J. Mol. Biol. 263:800
(1996)).

FIGS. 19A-19C show the alignment of amino acid
sequences leading to the design of the first (1ID9RKA) and
second (1D9RKB) humanized versions of the 1D9 antibody
kappa light chain variable region. Amino acids identical to the
mouse 1D9 at a particular residue position in column 7 are not
shown; “-” indicates no amino acid is located at this residue
position. Boldface type indicates positions in FRs and CDRs
where the human amino acid residue was replaced by the
corresponding mouse residue. “-” indicates the numbering of
changes in the human FRs of 1D9RKA. “Mouse 1D9 VK”
indicates the amino acid sequence of the VK region from the
murine 1D9 kappa light chain variable region. “Mouse 6-11"
indicates the consensus sequence of mouse VK regions from
Kabat subgroup 6-11. “Human 6-1I" indicates the consensus
sequence of human VK regions from Kabat subgroup 6-11.
“HF-21/28" indicates the amino acid sequence of the light
chain variable region from the human HF-21/28 antibody
(Chastagner etal., Gene 101(2):305-6 (1991)). The number in
parenthesis (005056) is the Kabat database ID number. “Sur-
face or Core” indicates the position of the amino acid in
relation to the rest of the residues in both chains of the anti-
body variable regions. Residues within 5 A of a CDR are
defined using capital letters. “1DIRKA” indicates the amino
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acid sequence of the first version of the humanized 1D9 VK
region. “1DI9RKB” indicates the amino acid sequence of the
second version of the humanized 1D9 VK region.

FIGS. 20A-20C show the alignment of amino acid
sequences leading to the design of the first (ID9RHA) and
second (1D9RKB) humanized human versions of the 1D9
antibody kappa light chain variable region. Amino acids iden-
tical to the mouse 1D9 at a particular residue position in
column 7 are not shown. “-” indicates that no amino acid is
located at this residue position. Boldface type indicates posi-
tions in the FRs and CDRs where the human amino acid
residue was replaced by the corresponding mouse residue. “-”
indicates the numbering of changes in the human FRs of
1D9RHA. “Mouse 1D9 VH” indicates the amino acid
sequence of the VH region from the murine 1D9 heavy chain
variable region. “Mouse Mc” indicates the consensus
sequence of mouse VH regions from Kabat subgroup Mc.
“Human I1I” indicates the consensus sequence of human VH
regions from Kabat subgroup III. “4B4'CL” indicates the
amino acid sequence of the heavy chain variable region from
the human 4B4'CL antibody (Sanz et al., Journal of Immu-
nology 142:883 (1989)). The number in parenthesis (000490)
is the Kabat database ID number. “Surface or Core” indicates
the position of the amino acid in relation to the rest of the
residues in both chains of the antibody variable regions. Resi-
dues within 5 A of a CDR are defined using capital letters.
“1D9RHA” indicates the amino acid sequence of the first
version of the humanized 1D9 VH region. “1D9RHB” indi-
cates the amino acid sequence of the second version of the
humanized 1D9 VH region.

FIG. 21 shows the nucleotide sequence, complement and
encoded amino acid sequence of the murine antibody 1D9
heavy chain variable region. The leader sequence and a por-
tion of the constant region are also shown. The illustrated
nucleotide sequence is SEQ ID NO: 96, the complementary
sequence is SEQ ID NO: 99, and the amino acid sequence is
SEQ ID NO: 100.

FIG. 22 shows the nucleotide sequence, complement and
encoded amino acid sequence of the murine antibody 1D9
kappa light chain variable region. The leader sequence and a
portion of the constant region are also shown. The illustrated
nucleotide sequence is SEQ ID NO: 95, the complementary
sequence is SEQ ID NO: 101, and the amino acid sequence is
SEQ ID NO: 102.

FIG. 23 shows the nucleotide sequence of the humanized
heavy chain 1D9RHA. The indicated enzyme sites were
added for cloning into the vector pPLKTOK41. The vector also
has human leader and constant regions. The illustrated nucle-
otide sequence is SEQ ID NO: 97, the complementary
sequence is SEQ ID NO: 103, and the amino acid sequence is
SEQ ID NO: 104.

FIG. 24 shows the nucleotide sequence of the humanized
light chain 1D9RKA. The indicated enzyme sites were added
for cloning into the vector pLKTOK41. The vector also has
human leader and constant regions. The bracketed Y indicates
aresidue which changes to aspartate when cloned into the Eco
RV cloning site of pLKTOK41. The illustrated nucleotide
sequence is SEQ ID NO: 98, the complementary sequence is
SEQ ID NO: 105, and the amino acid sequence is SEQ ID
NO: 106.

FIG. 25 illustrates a comparison of the abilities of murine
mAb 1D9 and a humanized version of mAb 1D9 (heavy chain
of 1D9RHAVH, light chain of 1DIRKAVK) to inhibit the
binding of [1251]-MCP-1 to whole THP-1 cells. Data points
for murine 1D9 (mus-1D9) are shown as closed triangles.
Data points for the humanized version of 1D9 (hum-1D9) are
shown as closed squares.
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FIG. 26 depicts construction process for transfer of heavy
chain cassettes and light chain cassettes into a single combi-
nation immunoglobulin DNA cassette vector. For creation of
combined vectors, the heavy chain cassette, including pro-
moter, nVHL, IgG constant region and polyadenylation
region, can be cloned as a Bgl II/Bam HI fragment into the
Bam HI site of the vector with the light chain cassette. Bgl 11
and Bam HI have cohesive ends and both sites are lost upon
ligation.

FIG. 27 depicts the structure of the complete combination
heavy and light chain immunoglobulin DNA cassette anti-
body expression vector.

FIG. 28 depicts the cloning process for incorporation of
desired variable sequences (VH and VK) into the combina-
tion heavy and light chain immunoglobulin DNA cassette
antibody expression vector.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention relates to an anti-
body (anti-CCR2) or functional fragment thereof which binds
mammalian CC-chemokine receptor 2 (CCR2, CKR-2,
MCP-1RA or MCP-1RB) or a portion of CCR2. In one
embodiment, the antibody has specificity for human or rhesus
CCR2 or portion thereof. In one embodiment, the antibodies
(immunoglobulins) are raised against an isolated and/or
recombinant mammalian CCR2 or portion thereof (e.g., pep-
tide) or against a host cell which expresses mammalian
CCR2. In a preferred embodiment, the antibodies specifically
bind human CCR2 receptor(s) (e.g., CCR2a and/or CCR2b)
or a portion thereof, and in a particularly preferred embodi-
ment the antibodies have specificity for a naturally occurring
or endogenous human CCR2. As used herein, “CC-chemok-
ine receptor 2” (“CCR2”) refers to CC-chemokine receptor
2a and/or CC-chemokine receptor 2b. Antibodies or func-
tional fragments thereof which can inhibit one or more func-
tions characteristic of a mammalian CCR2, such as a binding
activity (e.g., ligand, inhibitor and/or promoter binding), a
signaling activity (e.g., activation of a mammalian G protein,
induction of a rapid and transient increase in the concentra-
tion of cytosolic free calcium [Ca**]i), and/or stimulation of
a cellular response (e.g., stimulation of chemotaxis, exocyto-
sis or inflammatory mediator release by leukocytes, integrin
activation) are also encompassed by the present invention,
such as an antibody which can inhibit binding ofa ligand (i.e.,
one or more ligands) to CCR2 and/or one or more functions
mediated by CCR2 in response to a ligand. For example, in
one aspect, the antibodies or functional fragments thereof can
inhibit (reduce or prevent) the interaction of receptor with a
natural ligand, such as MCP-1, MCP-2, MCP-3, MCP-4,
MCP-5 and/or eotaxin. In another aspect, an antibody or
functional fragment thereof that binds to CCR2 can inhibit
binding of MCP-1, MCP-2, MCP-3, MCP-4, MCP-5 and/or
eotaxin and/or HIV to mammalian CCR2 (e.g., human CCR2,
non-human primate CCR2, murine CCR2). The antibodies or
functional fragments thereof of the present invention can
inhibit functions mediated by human CCR2, including leu-
kocyte trafficking, HIV entry into a cell, T cell activation,
inflammatory mediator release and/or leukocyte degranula-
tion. Preferably, the antibodies or fragments can bind CCR2
with an affinity of at least about 0.1x107® M, preferably at
least about 1x10~° M, and more preferably at least about
3x107° M. In a particular embodiment, antibodies or func-
tional fragments thereof demonstrate inhibition of chemok-
ine-induced (e.g., MCP-1-induced) chemotaxis of cells (e.g.,
PBMC) at less than about 150 Tg/ml, preferably less than

10

20

25

40

45

55

16

about 100 Tg/ml, more preferably less than about 50 Tg/ml,
and even more preferably less than about 20 Tg/ml.

In a further embodiment of the invention, the antibodies or
functional fragments thereof of the invention can inhibit bind-
ing of a CCR2 ligand (e.g., a chemokine) to CCR2 with an
1IC50 of less than about 1.0 Tg/ml, preferably less than about
0.05 Tg/ml, and more preferably less than about 0.005 Tg/ml.

Murine monoclonal antibodies specific for CCR2, desig-
nated 1D9 and 8G2, were produced as described herein. In a
preferred embodiment, the antibodies of the present invention
bind human CCR2, and have an epitopic specificity which is
the same as or similar to that of murine 1D9 or 8G2 antibody
described herein. Antibodies with an epitopic specificity
which is the same as or similar to that of murine 1D9 mono-
clonal antibody can be identified by their ability to compete
with murine 1D9 monoclonal antibody for binding to human
CCR2 (e.g., to cells bearing human CCR2, such as transfec-
tants bearing CCR2, CD8+ cells, CD4+ cells, CDR45RO+
cells, CD25+ cells, monocytes, dendritic cells, macrophages
and basophils). Similarly, antibodies with an epitopic speci-
ficity which is the same as or similar to that of murine 8G2
monoclonal antibody can be identified by their ability to
compete with murine 8G2 monoclonal antibody for binding
to human CCR2. Using receptor chimeras (Rucker et al., Cell
87:437-446 (1996)), the binding site of mAbs 1D9 and 8G2
has been mapped to the amino-terminal domain of human
CC-chemokine receptor 2, specifically to an epitope compris-
ing from about amino acid 1 to about amino acid 30 of the
protein. Using these or other suitable techniques, antibodies
having an epitopic specificity which is the same as or similar
to that of an antibody of the present invention can be identi-
fied. mAbs 1D9 and 8G2 have epitopic specificity for the
amino-terminal domain of the CCR2 receptor, e.g., from
about amino acid number 1 to about amino acid number 30 of
the receptor protein. Thus, the invention pertains to an anti-
body or functional portion thereof which binds to the amino-
terminal domain or portion thereof of mammalian
CC-chemokine receptor 2, and particularly to an epitope
comprising from about amino acid 1 to about amino acid 30 of
mammalian CC-chemokine receptor 2.

The invention also relates to a bispecific antibody, or func-
tional fragment thereof (e.g., F(ab')2), which has the same or
similar epitopic specificity as at least two of the antibodies
described herein (see, e.g., U.S. Pat. No. 5,141,736 (Iwasa et
al.), U.S. Pat. Nos. 4,444,878, 5,292,668, 5,523,210 (all to
Paulus et al.) and U.S. Pat. No. 5,496,549 (Yamazaki et al.).
For example, a bispecific antibody of the present invention
can have the same or similar epitopic specificity as mAb 1D9
and 8G2, e.g., binds the amino terminal domain, or portion
thereof, of mammalian CCR2 protein.

Hybridoma cell lines producing antibodies according to
the present invention were deposited on Jul. 17, 1998, on
behalf of LeukoSite, Inc., 215 First Street, Cambridge, Mass.
02142, U.S.A. (now Millennium Pharmaceuticals, Inc., 75
Sidney Street, Cambridge, Mass. 02139, U.S.A.), at the
American Type Culture Collection, 10801 University Boule-
vard, Manassas, Va. 20110, U.S.A., under Accession Nos.
HB-12549 (1D9) and HB-12550 (8G2). The present inven-
tion also pertains to the hybridoma cell lines deposited under
ATCC Accession No. HB-12549 and ATCC Accession No.
HB-12550, as well as to the monoclonal antibodies produced
by the hybridoma cell lines deposited under ATCC Accession
Nos. HB-12549 and HB-12550.

The antibodies of the present invention can be polyclonal
ormonoclonal, and the term “antibody” is intended to encom-
pass both polyclonal and monoclonal antibodies. Further-
more, it is understood that methods described herein which



US 9,353,184 B2

17

utilize 8G2 can also utilize functional fragments (e.g., anti-
gen-binding fragments) of 8G2, antibodies which have the
same or similar epitopic specificity as 8G2, and combinations
thereof, optionally in combination with antibodies or frag-
ments having an epitopic specificity which is not the same as
or similar to 8G2; similarly, methods described as utilizing
1D9 can also utilize functional fragments of 1D9, antibodies
which have the same or similar epitopic specificity as 1D9,
and combinations thereof, optionally in combination with
antibodies or fragments having an epitopic specificity which
is not the same as or similar to 1D9. Antibodies of the present
invention can be raised against an appropriate immunogen,
such as isolated and/or recombinant mammalian CCR2 pro-
tein or portion thereof, or synthetic molecules, such as syn-
thetic peptides. In a preferred embodiment, cells which
express receptor, such as transfected cells, can be used as
immunogens or in a screen for antibody which binds receptor.

The antibodies of the present invention, and fragments
thereof, are useful in therapeutic, diagnostic and research
applications as described herein. The present invention
encompasses an antibody or functional portion thereof of the
present invention (e.g., mAb 1D9 or 8G2, or antigen-binding
fragments thereof or other CCR-2 binding antibodies or frag-
ments thereof as described herein) for use in therapy (includ-
ing prophylaxis) or diagnosis (e.g., of particular diseases or
conditions as described herein), and use of such antibodies or
functional portions thereof for the manufacture of a medica-
ment for use in treatment of diseases or conditions as
described herein.

Preparation of immunizing antigen, and polyclonal and
monoclonal antibody production can be performed as
described herein, or using other suitable techniques. A variety
of methods have been described (see e.g., Kohler et al.,
Nature, 256: 495-497 (1975) and Eur. J. Immunol. 6: 511-519
(1976); Milstein et al., Nature 266: 550-552 (1977);
Koprowski et al., U.S. Pat. No. 4,172,124; Harlow, E. and D.
Lane, 1988, Antibodies: A Laboratory Manual, (Cold Spring
Harbor Laboratory: Cold Spring Harbor, N.Y.); Current Pro-
tocols In Molecular Biology, Vol. 2 (Supplement 27, Summer
’94), Ausubel, F. M. et al., Eds., (John Wiley & Sons: New
York, N.Y.), Chapter 11, (1991)). Generally, a hybridoma can
be produced by fusing a suitable immortal cell line (e.g., a
myeloma cell line such as SP2/0) with antibody producing
cells. The antibody producing cell, preferably those of the
spleen or lymph nodes, are obtained from animals immunized
with the antigen of interest. The fused cells (hybridomas) can
be isolated using selective culture conditions, and cloned by
limiting dilution. Cells which produce antibodies with the
desired binding properties can be selected by a suitable assay
(e.g., ELISA).

Other suitable methods of producing or isolating antibod-
ies which bind CCR2, including human or artificial antibod-
ies, can be used, including, for example, methods which
select recombinant antibody (e.g., single chain Fv or Fab)
from alibrary, or which rely upon immunization of transgenic
animals (e.g., mice) capable of producing a repertoire of
human antibodies (see e.g., Jakobovits et al., Proc. Natl.
Acad. Sci. USA, 90: 2551-2555 (1993); Jakobovits et al.,
Nature, 362: 255-258 (1993); Lonberg et al., U.S. Pat. No.
5,545,806; Surani et al., U.S. Pat. No. 5,545,807).

Single chain antibodies, and chimeric, humanized or pri-
matized (CDR-grafted) antibodies, as well as chimeric or
CDR-grafted single chain antibodies, and the like, compris-
ing portions derived from different species, are also encom-
passed by the present invention and the term “antibody”. The
various portions of these antibodies can be joined together
chemically by conventional techniques, or can be prepared as

40

45

50

60

18

a contiguous protein using genetic engineering techniques.
For example, nucleic acids encoding a chimeric or humanized
chain can be expressed to produce a contiguous protein. See,
e.g., Cabilly et al., U.S. Pat. No. 4,816,567; Cabilly et al.,
European Patent No. 0,125,023 B1; Boss et al., U.S. Pat. No.
4,816,397; Boss et al., European Patent No. 0,120,694 B1;
Neuberger, M. S. etal.,, WO 86/01533; Neuberger, M. S. etal.,
European Patent No. 0,194,276 B1; Winter, U.S. Pat. No.
5,225,539; Winter, European Patent No. 0,239,400 B1; and
Queen et al., U.S. Pat. Nos. 5,585,089, 5,698,761 and 5,698,
762. See also, Newman, R. et al., BioTechnology, 10: 1455-
1460 (1992), regarding primatized antibody, and Ladner et
al., U.S. Pat. No. 4,946,778 and Bird, R. E. et al., Science,
242: 423-426 (1988)) regarding single chain antibodies.

In addition, functional fragments of antibodies, including
fragments of chimeric, humanized, primatized or single chain
antibodies, can also be produced. Functional fragments of the
foregoing antibodies retain at least one binding function and/
or modulation function of the full-length antibody from
which they are derived. Preferred functional fragments retain
an antigen-binding function of a corresponding full-length
antibody (e.g., the ability to bind a mammalian CCR2). Par-
ticularly preferred functional fragments retain the ability to
inhibit one or more functions characteristic of a mammalian
CCR2, such as a binding activity, a signaling activity, and/or
stimulation of a cellular response. For example, in one
embodiment, a functional fragment can inhibit the interaction
of CCR2 with one or more of'its ligands (e.g., MCP-1, MCP-
2, MCP-3, MCP-4, MCP-5 and/or eotaxin) and/or can inhibit
one or more receptor-mediated functions, such as leukocyte
trafficking, HIV entry into cells, T cell activation, inflamma-
tory mediator release and/or leukocyte degranulation.

For example, antibody fragments capable of binding to a
mammalian CCR2 receptor or portion thereof, including, but
not limited to, Fv, Fab, Fab' and F(ab'), fragments are encom-
passed by the invention. Such fragments can be produced by
enzymatic cleavage or by recombinant techniques, for
example. For instance, papain or pepsin cleavage can gener-
ate Fab or F(ab'"), fragments, respectively. Antibodies can also
be produced in a variety of truncated forms using antibody
genes in which one or more stop codons has been introduced
upstream of the natural stop site. For example, a chimeric
gene encoding a F(ab'"), heavy chain portion can be designed
to include DNA sequences encoding the CH1 domain and
hinge region of the heavy chain.

The present invention relates to a humanized immunoglo-
bulin or antigen-binding fragment thereof having binding
specificity for CCR2, comprising an antigen binding region
of nonhuman origin (e.g., rodent) and at least a portion of an
immunoglobulin of human origin (e.g., a human framework
region, a human constant region or portion thereof). In one
embodiment, the humanized immunoglobulin includes an
antigen binding region of nonhuman origin which binds
CCR2 and a constant region derived from a human constant
region. In another embodiment, the humanized immunoglo-
bulin which binds CCR2 comprises a complementarity deter-
mining region of nonhuman origin and a variable framework
region of human origin, and optionally, a constant region of
human origin. Preferably, the humanized immunoglobulin
that binds CCR2 includes a complementarity determining
region of nonhuman origin, a variable framework region of
human origin and at least a portion of a constant region of
human origin, e.g., at least a portion of a gamma constant
region of human origin and/or at least a portion of a kappa
constant region of human origin. The constant region can
include one or more mutations described herein. In some
embodiments, the humanized immunoglobulin can comprise
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a heavy chain and a light chain, wherein the light chain
comprises a complementarity determining region derived
from an antibody of nonhuman origin which binds CCR2 and
a framework region derived from a light chain of human
origin, and the heavy chain comprises a complementarity
determining region derived from an antibody of nonhuman
origin which binds CCR2 and a framework region derived
from a heavy chain of human origin.

In one embodiment, the humanized immunoglobulin can
compete with murine 1D9 or 8G2 monoclonal antibody for
binding to human CCR2. In a preferred embodiment, the
antigen-binding region of the humanized immunoglobulin (a)
is derived from 1D9 monoclonal antibody (e.g., as in a
humanized immunoglobulin comprising CDR1, CDR2 and
CDR3 of'the 1D9 light chain and/or CDR1, CDR2 and CDR3
of the 1D9 heavy chain) or (b) is derived from 8G2 mono-
clonal antibody (e.g., as in a humanized immunoglobulin
comprising CDR1, CDR2 and CDR3 of the 8G2 light chain
and/or CDR1, CDR2 and CDR3 of the 8G2 heavy chain).
Chimeric or CDR-grafted single chain antibodies are also
encompassed by the term humanized immunoglobulin.

The present invention also relates to a humanized immu-
noglobulin light chain or antigen-binding fragment thereof or
a humanized immunoglobulin heavy chain or antigen-bind-
ing fragment thereof. In one embodiment, the invention
relates to a humanized light chain comprising a light chain
CDR (i.e., one or more CDRs) of nonhuman origin and a
human light chain framework region. In some embodiments,
the humanized immunoglobulin light chain can further
include at least a portion of a constant region of human origin,
e.g., a kappa light chain constant region of human origin. In
another embodiment, the present invention relates to a
humanized immunoglobulin heavy chain comprising a heavy
chain CDR (i.e., one or more CDRs) of nonhuman origin and
a human heavy chain framework region. In some embodi-
ments, the humanized immunoglobulin heavy chain can fur-
ther include at least a portion of a constant region of human
origin, e.g., a gamma heavy chain constant region of human
origin. The constant region can include one or more muta-
tions described herein. The CDRs can be derived from a
nonhuman immunoglobulin.

Naturally occurring immunoglobulins have a common
core structure in which two identical light chains (about 24
kD) and two identical heavy chains (about 55 or 70 kD) form
a tetramer. The amino-terminal portion of each chain is
known as the variable (V) region and can be distinguished
from the more conserved constant (C) regions of the remain-
der of each chain. Within the variable region of the light chain
is a C-terminal portion known as the J region. Within the
variable region of the heavy chain, there is a D region in
addition to the J region. Most of the amino acid sequence
variation in immunoglobulins is confined to three separate
locations in the V regions known as hypervariable regions or
complementarity determining regions (CDRs) which are
directly involved in antigen binding. Proceeding from the
amino-terminus, these regions are designated CDR1, CDR2
and CDR3, respectively. The CDRs are held in place by more
conserved framework regions (FRs). Proceeding from the
amino-terminus, these regions are designated FR1, FR2,
FR3, and FR4, respectively. The locations of CDR and FR
regions and a numbering system have been defined by Kabat
et al. (Kabat et al., Sequences of Proteins of Immunological
Interest, Fifth Edition, U.S. Department of Health and Human
Services, U.S. Government Printing Office (1991)).

Human immunoglobulins can be divided into classes and
subclasses, depending on the isotype of the heavy chain. The
classes include IgG, IgM, IgA, IgD and IgF, in which the

5

10

15

20

25

30

35

40

45

55

60

20

heavy chains are of the gamma (K), mu (T), alpha (I), delta
(A) or epsilon (M) type, respectively. Subclasses include
1gG1, 1gG2, 1gG3, 1gG4, IgAl and IgA2, in which the heavy
chains are of the K1, K2, K3, K4, 11 and 12 type, respectively.
Human immunoglobulin molecules of a selected class or
subclass may contain either a kappa (P) or lambda (E) light
chain. See e.g., Cellular and Molecular Immunology, Won-
siewicz, M. J., Ed., Chapter 45, pp. 41-50, W. B. Saunders Co,
Philadelphia, Pa. (1991); Nisonoff, A., Introduction to
Molecular Immunology, 2nd Ed., Chapter 4, pp. 45-65,
Sinauer Associates, Inc., Sunderland, Mass. (1984).

The term “immunoglobulin” as used herein includes whole
antibodies and biologically functional fragments thereof.
Such biologically functional fragments retain at least one
antigen-binding function of a corresponding full-length anti-
body (e.g., specificity for CCR2 of antibody 1D9), and pref-
erably, retain the ability to inhibit the interaction of CCR2
with one or more of its ligands (e.g., HIV, MCP-1, MCP-2,
MCP-3, MCP-4, MCP-5, eotaxin). Examples of biologically
functional antibody fragments which can be used include
fragments capable of binding to CCR2, such as single chain
antibodies, Fv, Fab, Fab' and F(ab'), fragments. Such frag-
ments can be produced by enzymatic cleavage or by recom-
binant techniques. For instance, papain or pepsin cleavage
can be used to generate Fab or F(ab'), fragments, respectively.
Antibodies can also be produced in a variety of truncated
forms using antibody genes in which one or more stop codons
have been introduced upstream of the natural stop site. For
example, a chimeric gene encoding the heavy chain of an
F(ab")2 fragment can be designed to include DNA sequences
encoding the CH1 domain and hinge region of the heavy
chain. As used herein, an antigen-binding fragment of a
humanized immunoglobulin heavy or light chain is intended
to mean a fragment which binds to an antigen when paired
with a complementary chain. That is, an antigen-binding
fragment of a humanized light chain will bind to an antigen
when paired with a heavy chain (e.g., murine, chimeric,
humanized) comprising a variable region, and an antigen-
binding fragment of a humanized heavy chain will bind to an
antigen when paired with a light chain (e.g., murine, chi-
meric, humanized) comprising a variable region.

The term “humanized immunoglobulin™ as used herein
refers to an immunoglobulin comprising portions of immu-
noglobulins of different origin, wherein at least one portion is
of human origin. For example, the humanized antibody can
comprise portions derived from an immunoglobulin of non-
human origin with the requisite specificity, such as a mouse,
and from immunoglobulin sequences of human origin (e.g.,
chimeric immunoglobulin), joined together chemically by
conventional techniques (e.g., synthetic) or prepared as a
contiguous polypeptide using genetic engineering techniques
(e.g., DNA encoding the protein portions of the chimeric
antibody can be expressed to produce a contiguous polypep-
tide chain). Another example of a humanized immunoglobu-
lin of the present invention is an immunoglobulin containing
one or more immunoglobulin chains comprising a CDR
derived from an antibody of nonhuman origin and a frame-
work region derived from a light and/or heavy chain of human
origin (e.g., CDR-grafted antibodies with or without frame-
work changes). Chimeric or CDR-grafted single chain anti-
bodies are also encompassed by the term humanized immu-
noglobulin. See, e.g., Cabilly et al., U.S. Pat. No. 4,816,567,
Cabilly et al., European Patent No. 0,125,023 B1; Boss et al.,
U.S. Pat. No. 4,816,397; Boss et al., European Patent No.
0,120,694 B1; Neuberger, M. S. et al., WO 86/01533; Neu-
berger, M. S. et al., European Patent No. 0,194,276 B1; Win-
ter, U.S. Pat. No. 5,225,539; Winter, European Patent No.
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0,239,400 B1; Padlan, E. A. et al., European Patent Applica-
tion No. 0,519,596 A1l. See also, Ladner et al., U.S. Pat. No.
4,946,778, Huston, U.S. Pat. No. 5,476,786; and Bird, R. E. et
al., Science, 242: 423-426 (1988)), regarding single chain
antibodies.

For example, humanized immunoglobulins can be pro-
duced using synthetic and/or recombinant nucleic acids to
prepare genes (e.g., cDNA) encoding the desired humanized
chain. For example, nucleic acid (e.g., DNA) sequences cod-
ing for humanized variable regions can be constructed using
PCR mutagenesis methods to alter DNA sequences encoding
a human or humanized chain, such as a DNA template from a
previously humanized variable region (see e.g., Kamman, M.,
et al., Nucl. Acids Res., 17: 5404 (1989)); Sato, K., et al.,
Cancer Research, 53: 851-856 (1993); Daugherty, B. L. etal.,
Nucleic Acids Res., 19(9): 2471-2476 (1991); and Lewis, A.
P. and J. S. Crowe, Gene, 101: 297-302 (1991)). Using these
or other suitable methods, variants can also be readily pro-
duced. In one embodiment, cloned variable regions can be
mutagenized, and sequences encoding variants with the
desired specificity can be selected (e.g., from a phage library;
see e.g., Krebber et al., U.S. Pat. No. 5,514,548; Hoogen-
boom et al., WO 93/06213, published Apr. 1, 1993)).

The antigen binding region of the humanized immunoglo-
bulin (the nonhuman portion) can be derived from an immu-
noglobulin of nonhuman origin (referred to as a donor immu-
noglobulin) having binding specificity for CCR2. For
example, a suitable antigen binding region can be derived
from the murine monoclonal antibody 1D9. Other sources
include CCR2-specific antibodies obtained from nonhuman
sources, such as rodent (e.g., mouse, rat), rabbit, pig goat or
non-human primate (e.g., monkey). Additionally, other poly-
clonal or monoclonal antibodies, such as antibodies which
bind to the same or similar epitope as the 1D9 antibody, canbe
made (e.g., Kohler et al., Nature, 256:495-497 (1975); Har-
low et al., 1988, Antibodies: A Laboratory Manual, (Cold
Spring Harbor, N.Y.); and Current Protocols in Molecular
Biology, Vol. 2 (Supplement 27, Summer *94), Ausubel et al.,
Eds. (John Wiley & Sons: New York, N.Y.), Chapter 11
(1991)).

For example, antibodies can be raised against an appropri-
ate immunogen in a suitable mammal (e.g., a mouse, rat,
rabbit or sheep). Cells bearing CCR2, membrane fractions
containing CCR2, and immunogenic fragments of CCR2 are
examples of suitable immunogens. Antibody-producing cells
(e.g., a lymphocyte) can be isolated from, for example, the
lymph nodes or spleen of an immunized animal. The cells can
then be fused to a suitable immortalized cell (e.g., a myeloma
cell line), thereby forming a hybridoma. Fused cells can be
isolated employing selective culturing techniques. Cells
which produce antibodies with the desired specificity can be
selected by a suitable assay (e.g., ELISA). Immunoglobulins
of nonhuman origin having binding specificity for CCR2 can
also be obtained from antibody libraries (e.g., a phage library
comprising nonhuman Fab molecules).

In one embodiment, the antigen binding region of the
humanized immunoglobulin comprises a CDR of nonhuman
origin. In this embodiment, the humanized immunoglobulin
having binding specificity for CCR2 comprises at least one
CDR of nonhuman origin. For example, CDRs can be derived
from the light and heavy chain variable regions of immuno-
globulins of nonhuman origin, such that a humanized immu-
noglobulin includes substantially heavy chain CDR1, CDR2
and/or CDR3, and/or light chain CDR1, CDR2 and/or CDR3,
from one or more immunoglobulins of nonhuman origin, and
the resulting humanized immunoglobulin has binding speci-
ficity for CCR2. Preferably, all three CDRs of a selected chain
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are substantially the same as the CDRs of the corresponding
chain of a donor, and more preferably, all three CDRs of the
light and heavy chains are substantially the same as the CDRs
of the corresponding donor chain. In one embodiment, the
invention relates to an immunoglobulin having binding speci-
ficity for CCR2 comprising a humanized light chain or anti-
gen-binding fragment thereof comprising CDR1, CDR2 and
CDR3 of the light chain of the 1D9 antibody and a heavy
chain, e.g., a human heavy chain. The invention also includes
an immunoglobulin having binding specificity for CCR2
comprising a humanized heavy chain or antigen-binding
fragment thereof comprising CDR1, CDR2 and CDR3 of the
heavy chain of the 1D9 antibody and a light chain, e.g., a
human light chain.

The invention also relates to an immunoglobulin having
binding specificity for CCR2 comprising a light chain and a
heavy chain, wherein the light chain comprises at least 1 CDR
of an antibody of non-human origin (e.g., 1D9) and frame-
work (e.g., SEQID NO: 12, SEQID NO: 13, SEQ ID NO: 14,
SEQ ID NO:15 and SEQ ID NO: 107), and constant regions
(e.g., SEQ ID NO:112) of human origin and wherein the
heavy chain comprises a variable region of non-human origin
(e.g., from 1D9) and a constant region of human origin. The
invention also provides antigen-binding fragments of these
immunoglobulins. The invention also relates to an immuno-
globulin having binding specificity for CCR2 comprising a
light chain and a heavy chain, wherein the light chain com-
prises a variable chain of non-human origin (e.g., from 1D9)
and a constant region of human origin, and wherein the heavy
chain comprises at least 1 CDR of an antibody of non-human
origin (e.g., 1D9) and framework (e.g., SEQ ID NO: 17, SEQ
IDNO: 18, SEQID NO:19 and SEQ ID NO: 20) and constant
regions of human origin (e.g., SEQ ID NO:110). The inven-
tion also provides antigen-binding fragments of these immu-
noglobulins.

The portion of the humanized immunoglobulin or immu-
noglobulin chain which is of human origin (the human por-
tion) can be derived from any suitable human immunoglobu-
lin or immunoglobulin chain. For example, a human constant
region or portion thereof, if present, can be derived from the
P or Z light chains, and/or the K (e.g., K1, K2, K3,K4), T, I
(e.g., 11, 12), A or M, heavy chains of human antibodies,
including allelic variants. A particular constant region (e.g.,
1gG1), variant or portions thereof can be selected in order to
tailor effector function. For example, a mutated constant
region (variant) can be incorporated into a fusion protein to
minimize binding to Fc receptors and/or ability to fix comple-
ment (see e.g., Example 3; see also, Winter et al., GB 2,209,
757 B; Morrison et al., WO 89/07142; Morgan et al., WO
94/29351, Dec. 22, 1994). Mutations L.235A and G237A
inhibit the binding of the constant region to human Fc¢ recep-
tors and inhibit the initiation of ADCC reactions, and have
been described previously in U.S. Pat. No. 5,985,279 and
International Publication No.: W098/06248, which are incor-
porated herein by reference. The numbering of the residues in
the immunoglobulin chain is that of the EU index. See Kabat
etal., (1991) J Immunol. 147:1709-19. A humanized immu-
noglobulin of the invention can include one or more of: alight
chain constant region of human origin (e.g., SEQ ID NO:
112); and a heavy chain constant region of human origin. A
heavy chain constant region of the humanized antibody can
further include a mutated heavy chain constant region, e.g., a
heavy chain constant region having one or more of mutations
L235A and G237A, e.g., a heavy chain constant region of
SEQ ID NO: 110.

If present, human framework regions (e.g., of the light
chain variable region) are preferably derived from a human
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antibody variable region having sequence similarity to the
analogous or equivalent region (e.g., light chain variable
region) of the antigen binding region donor. Other sources of
framework regions for portions of human origin of a human-
ized immunoglobulin include human variable consensus
sequences (see, e.g., Kettleborough, C. A. et al., Protein Engi-
neering 4:773-783 (1991); Carter et al., WO 94/04679, pub-
lished Mar. 3, 1994)). For example, the sequence of the anti-
body or variable region used to obtain the nonhuman portion
can be compared to human sequences as described in Kabat et
al., Sequences of Proteins of Immunological Interest, Fifth
Edition, U.S. Department of Health and Human Services,
U.S. Government Printing Office (1991). In a particularly
preferred embodiment, the framework regions of a human-
ized immunoglobulin chain are derived from a human vari-
able region having at least about 60% overall sequence iden-
tity, preferably at least about 70% overall sequence identity
and more preferably at least about 85% overall sequence
identity, with the variable region of the nonhuman donor (e.g.,
murine antibody 1D9). A human portion can also be derived
from a human antibody having at least about 65% sequence
identity, and preferably at least about 70% sequence identity,
within the particular portion (e.g., FR) being used, when
compared to the equivalent portion (e.g., FR) of the nonhu-
man donor.

In one embodiment, the humanized immunoglobulin com-
prises at least one of the framework regions (FR) derived from
one or more chains of an antibody of human origin. Thus, the
FR can include a FR1 and/or FR2 and/or FR3 and/or FR4
derived from one or more antibodies of human origin. Pref-
erably, the human portion of a selected humanized chain
includes FR1, FR2, FR3 and FR4 derived from a variable
region of human origin (e.g., from a human immunoglobulin
chain, from a human consensus sequence).

The immunoglobulin portions of nonhuman and human
origin for use in the present invention have sequences identi-
cal to immunoglobulins or immunoglobulin portions from
which they are derived or to variants thereof. Such variants
include mutants differing by the addition, deletion, or substi-
tution of one or more residues. As indicated above, the CDRs
which are of nonhuman origin are substantially the same as in
the nonhuman donor, and preferably are identical to the CDRs
of the nonhuman donor. As described in Example 2, changes
in the framework region, such as those which substitute a
residue of the framework region of human origin with a
residue from the corresponding position of the donor, can be
made. One or more mutations in the framework region can be
made, including deletions, insertions and substitutions of one
or more amino acids. Several such substitutions are described
in the design of humanized 1D9 antibodies in Example 2. For
a selected humanized antibody or chain, framework muta-
tions can be designed as described herein. Preferably, the
humanized immunoglobulins can bind CCR2 with an affinity
similar to or better than that of the nonhuman donor. Variants
can be produced by a variety of suitable methods, including
mutagenesis of nonhuman donor or acceptor human chains.

The humanized immunoglobulins of the present invention
have binding specificity for human CCR2. In a preferred
embodiment, the humanized immunoglobulin of the present
invention has at least one functional characteristic of murine
antibody 1D9, such as binding function (e.g., having speci-
ficity for CCR2, having the same or similar epitopic specific-
ity), and/or inhibitory function (e.g., the ability to inhibit
CCR2-dependent function in vitro and/or in vivo, such as the
ability to inhibit the binding of a cell bearing CCR2 to a ligand
thereof (e.g., a chemokine)). Thus, preferred humanized
immunoglobulins can have the binding specificity of the
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murine antibody 1D9, the epitopic specificity of murine anti-
body 1D9 (e.g., can compete with murine 1D9, a chimeric
1D9 antibody, or humanized 1D9 for binding to CCR2 (e.g.,
on a cell bearing CCR2)), and/or inhibitory function of
murine antibody 1D9.

The binding function of a humanized immunoglobulin
having binding specificity for CCR2 can be detected by stan-
dard immunological methods, for example using assays
which monitor formation of a complex between humanized
immunoglobulin and CCR2 (e.g., a membrane fraction com-
prising CCR2, on a cell bearing CCR2, human cell line or
recombinant host cell comprising nucleic acid encoding
CCR2 which expresses CCR2). Binding and/or adhesion
assays or other suitable methods can also be used in proce-
dures for the identification and/or isolation of humanized
immunoglobulins (e.g., from a library) with the requisite
specificity (e.g., an assay which monitors adhesion between a
cell bearing CCR2 and a ligand thereof (e.g., HIV, MCP-1,
MCP-2, MCP-3, MCP-4, MCP-5, eotaxin), or other suitable
methods.

The immunoglobulin portions of nonhuman and human
origin for use in the present invention include light chains,
heavy chains and portions of light and heavy chains. These
immunoglobulin portions can be obtained or derived from
immunoglobulins (e.g., by de novo synthesis of a portion), or
nucleic acid molecules encoding an immunoglobulin or chain
thereof having the desired property (e.g., binding CCR2,
sequence similarity) can be produced and expressed. Human-
ized immunoglobulins comprising the desired portions (e.g.,
antigen binding region, CDR, FR, C region) of human and
nonhuman origin can be produced using synthetic and/or
recombinant nucleic acids to prepare genes (e.g., cDNA)
encoding the desired humanized chain. To prepare a portion
of'a chain, one or more stop codons can be introduced at the
desired position. For example, nucleic acid (e.g., DNA)
sequences coding for newly designed humanized variable
regions can be constructed using PCR mutagenesis methods
to alter existing DNA sequences (see e.g., Kamman, M., etal.,
Nucl. Acids Res. 17:5404 (1989)). PCR primers coding for
the new CDRs can be hybridized to a DNA template of a
previously humanized variable region which is based on the
same, or a very similar, human variable region (Sato, K., et al.,
Cancer Research 53:851-856 (1993)). If a similar DNA
sequence is not available for use as a template, a nucleic acid
comprising a sequence encoding a variable region sequence
can be constructed from synthetic oligonucleotides (see e.g.,
Kolbinger, F., Protein Engineering 8:971-980 (1993)). A
sequence encoding a signal peptide can also be incorporated
into the nucleic acid (e.g., on synthesis, upon insertion into a
vector). If the natural signal peptide sequence is unavailable,
a signal peptide sequence from another antibody can be used
(see, e.g., Kettleborough, C. A., Protein Engineering 4:773-
783 (1991)). Using these methods, methods described herein
or other suitable methods, variants can be readily produced.
In one embodiment, cloned variable regions can be
mutagenized, and sequences encoding variants with the
desired specificity can be selected (e.g., from a phage library;
see e.g., Krebber et al., U.S. Pat. No. 5,514,548; Hoogen-
boom et al., WO 93/06213, published Apr. 1, 1993)).

The invention relates to a humanized immunoglobulin
light chain or antigen-binding fragment thereof, said light
chain or antigen-binding fragment thereof having an amino
acid sequence comprising at least a functional portion of the
light chain variable region amino acid sequence of SEQ ID
NO: 9. In a preferred embodiment, the amino acid sequence
comprises at least one, preferably two, and more preferably
three of the CDRs of SEQ ID NO: 9. The invention also
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relates to a humanized immunoglobulin heavy chain or anti-
gen-binding fragment thereof, said heavy chain or antigen-
binding fragment thereof having an amino acid sequence
comprising at least a functional portion of the heavy chain
variable region amino acid sequence shown in SEQ ID NO:
10. In a preferred embodiment, the amino acid sequence
comprises at least one, preferably two, and more preferably
three of the CDRs of SEQ ID NO: 10. It is noted that all
murine sequences described herein are derived from Mus
musculus.

According to one embodiment of the invention, a human-
ized immunoglobulin light chain or antigen-binding fragment
thereof having binding specificity for CCR2 can comprise an
amino acid sequence selected from the group consisting of
SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID
NO: 15 and SEQ ID NO: 107. According to another embodi-
ment of the invention, a humanized immunoglobulin heavy
chain or antigen-binding fragment thereof having binding
specificity for CCR2 can comprise an amino acid sequence
selected from the group consisting of SEQ ID NO: 17, SEQ
ID NO: 18, SEQ ID NO: 19, and SEQ ID NO: 20. In a
particular embodiment, a humanized immunoglobulin of the
invention can comprise both a light chain or antigen-binding
fragment thereof having binding specificity for CCR2, com-
prising an amino acid sequence selected from the group con-
sisting of SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14,
SEQ ID NO: 15 and SEQ ID NO: 107, and a heavy chain or
antigen-binding fragment thereof having binding specificity
for CCR2 comprising an amino acid sequence selected from
the group consisting of SEQ ID NO: 17, SEQ ID NO: 18, SEQ
1D NO: 19, and SEQ ID NO: 20. Such humanized immuno-
globulins can further include a light chain constant region
comprising the amino acid sequence of SEQ ID NO: 112, or
a portion thereof, and/or a heavy chain constant region com-
prising the amino acid sequence of SEQ ID NO: 110, or a
portion thereof.

In one embodiment, the invention relates to a humanized
immunoglobulin having binding specificity for CCR2 com-
prising a light chain comprising the amino acid sequence of
SEQ ID NO: 12 and a complementary heavy chain, or an
antigen-binding fragment of said humanized immunoglobu-
lin having binding specificity for CCR2. In another embodi-
ment, the invention relates to a humanized immunoglobulin
having binding specificity for CCR2 comprising a heavy
chain comprising the amino acid sequence of SEQ ID NO: 17
and a complementary light chain, or an antigen-binding frag-
ment of said humanized immunoglobulin having binding
specificity for CCR2. A complementary light or heavy chain
is one which is capable of associating with a selected heavy or
light, respectively, chain, resulting in the ability of an immu-
noglobulin comprising said complementary heavy and light
chains to have binding specificity for CCR2. In a preferred
embodiment, the invention relates to a humanized immuno-
globulin having binding specificity for CCR2 comprising a
light chain comprising the amino acid sequence of SEQ ID
NO: 12 and a heavy chain comprising the amino acid
sequence of SEQ ID NO: 17, or an antigen-binding fragment
of said humanized immunoglobulin having binding specific-
ity for CCR2. In another preferred embodiment, the human-
ized immunoglobulin can further include a light chain con-
stant region comprising the amino acid sequence of SEQ ID
NO: 112, or a portion thereof, and/or a heavy chain constant
region comprising the amino acid sequence of SEQ ID NO:
110, or a portion thereof.

In an alternative embodiment, a humanized immunoglobu-
lin of the invention comprises both a light chain comprising
the amino acid sequence of SEQ ID NO: 12 and a heavy chain

10

30

40

45

50

55

26

comprising an amino acid sequence selected from the group
consisting of SEQ ID NO: 18, SEQ ID NO: 19 and SEQ ID
NO: 20, or an antigen-binding fragment of said immunoglo-
bulin having binding specificity for CCR2. In a further
embodiment, a humanized immunoglobulin of the invention
comprises both a light chain comprising the amino acid
sequence of SEQ ID NO: 13 and a heavy chain comprising an
amino acid sequence selected from the group consisting of
SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19 and SEQ
ID NO: 20, or an antigen-binding fragment of said immuno-
globulin having binding specificity for CCR2. In an addi-
tional embodiment, a humanized immunoglobulin of the
invention comprises both a light chain comprising the amino
acid sequence of SEQ ID NO: 14 and a heavy chain compris-
ing an amino acid sequence selected from the group consist-
ing of SEQ ID NO: 17, SEQ IDNO: 18, SEQ ID NO: 19 and
SEQ ID NO: 20, or an antigen-binding fragment of said
immunoglobulin having binding specificity for CCR2. In
another embodiment, a humanized immunoglobulin of the
invention comprises both a light chain comprising the amino
acid sequence of SEQ ID NO: 15 and a heavy chain compris-
ing an amino acid sequence selected from the group consist-
ing of SEQ ID NO: 17, SEQ IDNO: 18, SEQ ID NO: 19 and
SEQ ID NO: 20, or an antigen-binding fragment of said
immunoglobulin having binding specificity for CCR2. In an
alternative embodiment, a humanized immunoglobulin of the
invention comprises both a light chain comprising the amino
acid sequence of SEQ ID NO: 107 and a heavy chain com-
prising an amino acid sequence selected from the group con-
sisting of SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19
and SEQ ID NO: 20, or an antigen-binding fragment of said
immunoglobulin having binding specificity for CCR2.

In another embodiment, a humanized immunoglobulin of
the invention comprises both a light chain comprising an
amino acid sequence selected from the group consisting of
SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15 and SEQ
ID NO: 107 and a heavy chain comprising the amino acid
sequence of SEQ ID NO: 17, or an antigen-binding fragment
of'said immunoglobulin having binding specificity for CCR2.
In an alternate embodiment, a humanized immunoglobulin of
the invention comprises both a light chain comprising an
amino acid sequence selected from the group consisting of
SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID
NO: 15 and SEQ ID NO: 107 and a heavy chain comprising
the amino acid sequence of SEQ ID NO: 18, or an antigen-
binding fragment of said immunoglobulin having binding
specificity for CCR2. In a further embodiment, a humanized
immunoglobulin of the invention comprises both a light chain
comprising an amino acid sequence selected from the group
consisting of SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO:
14, SEQ ID NO: 15 and SEQ ID NO: 107 and a heavy chain
comprising the amino acid sequence of SEQ ID NO: 19, oran
antigen-binding fragment of said immunoglobulin having
binding specificity for CCR2. In an additional embodiment, a
humanized immunoglobulin of the invention comprises both
a light chain comprising an amino acid sequence selected
from the group consisting of SEQ ID NO: 12, SEQ ID NO:
13,SEQIDNO: 14, SEQID NO: 15 and SEQ ID NO: 107 and
aheavy chain comprising the amino acid sequence of SEQ ID
NO: 20, or an antigen-binding fragment of said immunoglo-
bulin having binding specificity for CCR2.

In one embodiment, the humanized immunoglobulin light
chain or antigen-binding fragment thereof having binding
specificity for CCR2 can be encoded by a nucleic acid mol-
ecule comprising SEQ ID NO: 109. The humanized immu-
noglobulin light chain or antigen binding fragment thereof
can further include a constant region encoded by a nucleic
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acid of SEQ ID NO:113. Preferably, the humanized immu-
noglobulin light chain is encoded by a nucleic acid of SEQ ID
NO:109 and linked to a nucleic acid of SEQ ID NO:113. In
another embodiment, the humanized immunoglobulin heavy
chain or antigen-binding fragment thereof having binding
specificity for CCR2 can be encoded by a nucleic acid mol-
ecule comprising SEQ ID NO: 108. The humanized immu-
noglobulin heavy chain or antigen binding fragment thereof
can further include a constant region encoded by a nucleic
acid of SEQ ID NO:111. Preferably, the humanized immu-
noglobulin light chain is encoded by a nucleic acid of SEQ ID
NO:108 and linked to a nucleic acid of SEQ ID NO:111.

The invention also relates to a chimeric immunoglobulin or
antigen-binding fragment thereof having binding specificity
for CCR2 comprising a light chain variable region of nonhu-
man origin and a human constant region (e.g., a light chain
constant region). The invention further relates to a chimeric
immunoglobulin or antigen-binding fragment thereof having
binding specificity for CCR2 comprising a heavy chain vari-
able region of nonhuman origin and a human constant region
(e.g., aheavy chain constant region). In another embodiment,
the chimeric immunoglobulin or antigen-binding fragment
thereofhaving binding specificity for CCR2 comprises a light
chain variable chain region of nonhuman origin and a heavy
chain variable region of nonhuman origin and further com-
prises a human constant region (e.g., a human light chain
constant region and/or a human heavy chain constant region).

Nucleic Acids and Constructs

The present invention also relates to isolated and/or recom-
binant (including, e.g., essentially pure) nucleic acid mol-
ecules comprising nucleic acid sequences which encode a
humanized immunoglobulin or humanized immunoglobulin
light or heavy chain of the present invention.

Nucleic acid molecules referred to herein as “isolated” are
nucleic acid molecules which have been separated away from
the nucleic acids of the genomic DNA or cellular RNA of
their source of origin (e.g., as it exists in cells or in a mixture
of nucleic acids such as a library), and include nucleic acid
molecules obtained by methods described herein or other
suitable methods, including essentially pure nucleic acid
molecules, nucleic acid molecules produced by chemical
synthesis, by combinations of biological and chemical meth-
ods, and recombinant nucleic acid molecules which are iso-
lated (see e.g., Daugherty, B. L. et al., Nucleic Acids Res.,
19(9): 2471-2476 (1991); Lewis, A. P. and J. S. Crowe, Gene,
101: 297-302 (1991)).

Nucleic acid molecules referred to herein as “recombi-
nant” are nucleic acid molecules which have been produced
by recombinant DNA methodology, including those nucleic
acid molecules that are generated by procedures which rely
upon a method of artificial recombination, such as the poly-
merase chain reaction (PCR) and/or cloning into a vector
using restriction enzymes. “Recombinant” nucleic acid mol-
ecules are also those that result from recombination events
that occur through the natural mechanisms of cells, but are
selected for after the introduction to the cells of nucleic acids
designed to allow and make probable a desired recombination
event.

The present invention also relates more specifically to iso-
lated and/or recombinant nucleic acid molecules comprising
a nucleotide sequence which encodes a humanized 1D9
immunoglobulin (i.e., a humanized immunoglobulin of the
present invention in which the nonhuman portion is derived
from the murine monoclonal antibody 1D9) or chain thereof.
In one embodiment, the light chain comprises three comple-
mentarity determining regions derived from the light chain of
the 1D9 antibody, and the heavy chain comprises three
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complementarity determining regions derived from the heavy
chain of the 1D9 antibody. Such nucleic acid molecules
include, for example, (a) a nucleic acid molecule comprising
a sequence which encodes a polypeptide comprising the
amino acid sequence of the heavy chain variable region of a
humanized 1D9 immunoglobulin (e.g., heavy chain variable
region of FIGS. 8 and 21) (e.g., nucleotides 58-411 of SEQ ID
NO: 96); (b) a nucleic acid molecule comprising a sequence
which encodes a polypeptide comprising the amino acid
sequence of the light chain variable region of a humanized
1D9 immunoglobulin (e.g., light chain variable region of
FIGS.7 and 22) (e.g., nucleotides 52-390 of SEQ ID NO: 95);
(c) a nucleic acid molecule comprising a sequence which
encodes at least a functional portion of the light or heavy
chain variable region of a humanized 1D9 immunoglobulin
(e.g., a portion sufficient for antigen binding of a humanized
immunoglobulin which comprises said chain). In one
embodiment, the nucleic acid comprises the nucleotide
sequence of the variable region as set forth or substantially as
set forth in FIG. 21 or as set forth or substantially as set forth
in FIG. 22, including double or single-stranded polynucle-
otides. (Although various figures may illustrate polypeptides
which are larger than the variable region (i.e., include a signal
peptide coding sequence or a portion of a constant region
coding sequence), reference to the variable region of a par-
ticular figure is meant to include the variable region portion of
the sequence shown). In another preferred embodiment, the
nucleic acid sequence encoding the light chain or antigen
binding portion thereof includes the nucleotide sequence of
SEQ ID NO:109 and/or a nucleotide sequence of SEQ ID
NO:113. In another preferred embodiment, the nucleic acid
encoding the heavy chain or antigen binding portion thereof
includes the nucleotide sequence of SEQ ID NO:108 and/or a
nucleotide sequence of SEQ ID NO:111. Due to the degen-
eracy of the genetic code, a variety of nucleic acids can be
made which encode a selected polypeptide. Accordingly, the
invention also features a nucleic acid encoding a light chain
that includes a nucleic acid encoding the variable light chain
of SEQ ID NO:12 and/or a nucleic acid encoding the constant
light chain of SEQ ID NO: 112. The invention also features a
nucleic acid encoding a heavy chain that includes a nucleic
acid encoding the variable heavy chain of SEQ ID NO:17
and/or a nucleic acid encoding the constant heavy chain of
SEQ ID NO: 110. Isolated and/or recombinant nucleic acid
molecules meeting these criteria can comprise nucleic acid
molecules encoding sequences identical to sequences of
humanized 1D9 antibody or variants thereof as discussed
above.

Nucleic acid molecules of the present invention can be
used in the production of humanized immunoglobulins hav-
ing binding specificity for CCR2. For example, a nucleic acid
molecule (e.g., DNA) encoding a humanized immunoglobu-
lin of the present invention can be incorporated into a suitable
construct (e.g., a vector) for further manipulation of
sequences or for production of the encoded polypeptide in
suitable host cells. Vectors containing such nucleic acids pref-
erably express the humanized immunoglobulins described
herein, e.g., express one or more of the variable light chain of
SEQ ID NO:12, the constant light chain of SEQ ID NO: 112,
the variable heavy chain of SEQ ID NO:17 and the heavy
chain constant region of SEQ ID NO: 110. The nucleic acid
sequences for insertion into the vector can include, e.g., addi-
tional sequences on one or more ends (such as restriction
endonuclease sites, restriction endonucleases complemen-
tary to sites available in the vector or flanking sequences) such
that, when properly inserted into the vectors, the vector will
not express amino acids encoded by those additional
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sequences. Examples of nucleic acid sequences that include
such additional sequences are set forth in SEQ ID NO:98,
SEQ ID NO: 117, SEQ ID NO: 97 and SEQ ID NO:115.

The vector can include an operable linkage between a
leader sequence and a stable immunoglobulin domain (e.g.,
constant region) that includes sequences amenable to diges-
tion using restriction endonucleases. Preferred restriction
endonuclease sites engineered into the operable linkage
include EcoRV, PpuMI or Mfel and BlplI or BsiWI, however,
additional or alternative sites may be engineered in order to
accommodate the particularly desired additional sequences
used in conjunction with the DNA cassette. Methods for
engineering restriction sites (e.g., site directed mutagenesis)
and determination of preferred sites through sequence analy-
ses are well known in the art. Restriction sites engineered in
the linkage allow for subsequent incorporation of additional
immunoglobulin sequences (e.g., variable region) such that
the additional sequences are incorporated in operable linkage
with the leader and stable domain (e.g., constant region) to
allow production of a nucleic acid encoding a complete oper-
able immunoglobulin molecule (e.g., cloning of the addi-
tional variable sequence remains in frame with the leader and
constant region to produce nucleic acid encoding an immu-
noglobulin protein including leader, variable, and constant
domains).

An immunoglobulin variable domain nucleic acid
sequence can be isolated, wherein the 5' and 3' ends of the
insert sequences comprise sequences available for restriction
endonucleases complementary to sites available in the DNA
cassette. In one embodiment, immunoglobulin variable
sequences are isolated using PCR techniques known in the
art, wherein primer sequences are engineered to incorporate
DNA restriction endonuclease sequences in the proper place-
ment to allow operable linkage upon incorporation into the
immunoglobulin DNA cassette.

Targeting Molecules

The invention also relates to targeting molecules which can
effectuate the interaction of a CCR2-expressing cell with a
target cell. The targeting molecule includes a first binding
moiety which can bind mammalian CCR2, and a second
binding moiety which can bind a molecule expressed on the
surface of a target cell. Preferred target cells include tumor
cells and virus infected cells. A variety of molecules which
are expressed at higher levels or uniquely on tumor cells (e.g.,
tumor antigens, such as Lewis Y, HER-2/neu, disialoganglio-
side G3, carcinoembrionic antigen, CD30) and/or virus
infected cells (e.g., viral antigens, such as influenza virus
hemagglutinin, Epstein-Barr virus LMP-1, hepatitis C virus
E2 glycoprotein, HIV gp160, HIV gp 120) are known in the
art. The targeting molecule can contain any suitable binding
second moiety which binds to a molecule expressed on a
desired target cell (see, for example Ring, U.S. Pat. No. 5,948,
647, the entire teachings of which are incorporated herein by
reference). Suitable binding moieties include, for example,
proteins and peptides (including post-translationally modi-
fied forms e.g., glycosylated, phosphorylated, lipidated), sug-
ars, lipids, peptidomimetics, small organic molecules,
nucleic acids and other agents which bind mammalian CCR2
or a molecule expressed on the surface of a target cell. Suit-
able binding moieties can be identified using any suitable
method, such as the binding assays described herein.

In a preferred embodiment, the first binding moiety can be,
for example, a humanized immunoglobulin of the invention
which binds mammalian CCR2 or antigen-binding fragment
thereof (e.g., Fab, Fv, Fab', F(ab'),). The second binding
moiety can be, for example, an antibody (e.g., a second
humanized immunoglobulin) or antigen-binding fragment
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thereof which binds to a molecule expressed on the target cell
or antigen binding fragment thereof. Where the targeting
molecule comprises a first binding moiety which is a human-
ized anti-CCR2 immunoglobulin or antigen-binding frag-
ment thereof, it is preferred that the humanized anti-CCR2
immunoglobulin does not inhibit binding of ligand to CCR2.

The first binding moiety can be directly or indirectly
bonded to the second binding moiety through a variety of
suitable linkages. For example, when the first binding moiety
and the second binding moiety are both proteins or peptides,
the moieties can be part of a contiguous polypeptide (i.e., a
fusion protein). Where the targeting molecule is a fusion
protein, the first and second binding moieties can be arranged
on the polypeptide in any suitable configuration. The first and
second binding moieties can be indirectly bonded through a
(i.e., one or more) peptide linker, or bonded directly to each
other through a peptide bond.

Where the binding moieties are not part of a contiguous
polypeptide they can be directly bonded by a chemical bond
formed by reaction of a functional group (or activated deriva-
tive thereof) on the first moiety with a second functional
group (or activated derivative thereof) on the second moiety.
For example, two thiols can react to form a disulfide bond and
an amine can react with a carboxylic acid or acyl halide to
form an amide. A variety of other suitable reactions which can
beused are known in the art (see, for example, Hermanson, G.
T., Bioconjugate Techniques, Academic Press: San Diego,
Calif. (1996)). The binding moieties can be indirectly bonded
through a suitable linker (e.g., a peptide linker). Generally, a
linker contains two reactive groups which can react to form
bonds with the first binding moiety and/or the second binding
moiety. Linkers which contain two different reactive groups
(e.g., a heterobifunctional linker) can be used to selectively
conjugate the first binding moiety to the second binding moi-
ety. Many linkers which are suitable for forming conjugates
between proteins, nucleic acids, peptides, vitamins, sugars,
lipids, small organic molecules and other suitable agents are
known (see, for example, U.S. Pat. Nos. 5,856,571, 5,880,
270; Hermanson, G. T., Bioconjugate Techniques, Academic
Press: San Diego, Calif. (1996)).

Preferably, the independent activities of the binding moi-
eties (e.g., binding activities, chemoattractant activity) of the
targeting molecule are not significantly different from the
activities of the binding moieties as separate molecular enti-
ties. For example, where the first binding moiety is a human-
ized immunoglobulin or antigen-binding fragment that binds
CCR2, the targeting molecule can bind to CCR2 with an
affinity which is within a factor of about 1000, preferably
within a factor of 100, more preferably within a factor of 10 or
substantially the same as the affinity of the free antibody or
antigen-binding fragment. Target molecules with these pre-
ferred characteristics can be prepared using any suitable
method. The resulting targeting molecule can then be assayed
for binding (e.g., by ELISA) and for chemoattractant activity.

In one embodiment, the targeting molecule is a bispecific
humanized antibody or bispecific antigen-binding fragment
thereof (e.g., F(ab'),) which has specificity for mammalian
CCR2 and a molecule expressed on a target cell (e.g., tumor
antigen, viral antigen). Bispecific antibodies can be secreted
by triomas and hybrid hybridomas. The supernatants of trio-
mas and hybrid hybridomas can be assayed for bispecific
antibody using a suitable assay (e.g., ELISA), and bispecific
antibodies can be purified using conventional methods. These
antibodies can then be humanized according to methods
described herein. Thus, the invention provides a targeting
molecule which is a humanized bispecific antibody having
binding specificity for CCR2 and an antigen expressed on a
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target cell, or a bivalent antigen-binding fragment of the
bispecific antibody. The invention also relates to a method of
effectuating the interaction of a CCR2-bearing cell with a
target cell in a patient, comprising administering to the patient
an effective amount of a targeting molecule which is a human-
ized bispecific antibody having binding specificity for CCR2
and an antigen expressed on a target cell, or a bivalent anti-
gen-binding fragment of the bispecific antibody.

Method of Producing Humanized Immunoglobulins Hav-
ing Specificity for CCR2

Another aspect of the invention relates to a method of
preparing a humanized immunoglobulin which has binding
specificity for CCR2. The humanized immunoglobulin can be
obtained, for example, by the expression of one or more
recombinant nucleic acids encoding a humanized immuno-
globulin having binding specificity for CCR2 in a suitable
host cell, for example.

Constructs or expression vectors suitable for the expres-
sion of a humanized immunoglobulin having binding speci-
ficity for CCR2 are also provided. The constructs can be
introduced into a suitable host cell, and cells which express a
humanized immunoglobulin of the present invention can be
produced and maintained in culture. Suitable host cells can be
prokaryotic, including bacterial cells such as E. coli, B. sub-
tilis and or other suitable bacteria, or eucaryotic, such as
fungal or yeast cells (e.g., Pichia pastoris, Aspergillus spe-
cies, Saccharomyces cerevisiae, Schizosaccharomyces
pombe, Neurospora crassa), or other lower eucaryotic cells,
and cells of higher eucaryotes such as those from insects (e.g.,
S19 insect cells (WO 94/26087, O’Connor, published Now.
24, 1994)) or mammals (e.g., COS cells, such as COS-1
(ATCC Accession No. CRL-1650) and COS-7 (ATCC Acces-
sion No. CRL-1651), CHO (e.g., ATCC Accession No. CRL-
9096), 293 (ATCC Accession No. CRL-1573), HeLa (ATCC
Accession No. CCL-2), CV1 (ATCC Accession No. CCL-
70), WOP (Dailey et al., J. Virol. 54:739-749 (1985)), 3T3,
293T (Pear et al., Proc. Natl. Acad. Sci. U.S.A., 90:8392-
8396 (1993)), NSO cells, SP2/0, HuT 78 cells, and the like
(see, e.g., Ausubel, F. M. et al., eds. Current Protocols in
Molecular Biology, Greene Publishing Associates and John
Wiley & Sons Inc., (1993)). Preferred mammalian host cells
for expressing the antibodies of the invention include Chinese
Hamster Ovary (CHO cells) (including dhfr-CHO cells,
described in Urlaub and Chasin, (1980) Proc. Natl. Acad. Sci.
USA 77:4216-4220, used with a DHFR selectable marker,
e.g., as described in R. J. Kaufman and P. A. Sharp (1982)
Mol. Biol. 159:601-621).

Host cells which produce a humanized immunoglobulin
having binding specificity for CCR2 can be produced as
follows. For example, a nucleic acid encoding all or part of the
coding sequence for the desired humanized immunoglobulin
can be inserted into a nucleic acid vector, e.g., a DNA vector,
such as a plasmid, virus or other suitable replicon for expres-
sion. A variety of vectors are available, including vectors
which are maintained in single copy or multiple copy, or
which become integrated into the host cell chromosome.

Suitable expression vectors can contain a number of com-
ponents, including, but not limited to one or more of the
following: an origin of replication; a selectable marker gene;
one or more expression control elements, such as a transcrip-
tional control element (e.g., a promoter, an enhancer, termi-
nator), and/or one or more translation signals; a signal
sequence or leader sequence for membrane targeting or secre-
tion. In a construct, a signal sequence can be provided by the
vector or other source. For example, the transcriptional and/or
translational signals of an immunoglobulin can be used to
direct expression.
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A promoter can be provided for expression in a suitable
host cell. Promoters can be constitutive or inducible. For
example, a promoter can be operably linked to a nucleic acid
encoding a humanized immunoglobulin or immunoglobulin
chain, such that it directs expression of the encoded polypep-
tide. A variety of suitable promoters for procaryotic (e.g., lac,
tac, T3, T7 promoters for E. coli) and eucaryotic (e.g., yeast
alcohol dehydrogenase (ADH1), SV40, CMV, EF-11) hosts
are available.

In addition, the expression vectors typically comprise a
selectable marker for selection of host cells carrying the vec-
tor, and, in the case of replicable expression vector, an origin
or replication. Genes encoding products which confer antibi-
otic or drug resistance are common selectable markers and
may be used in procaryotic (e.g., B-lactamase gene (ampicil-
lin resistance), Tet gene for tetracycline resistance) and
eucaryotic cells (e.g., neomycin (G418 or geneticin), gpt
(mycophenolic acid), ampicillin, or hygromycin resistance
genes). Dihydrofolate reductase marker genes permit selec-
tion with methotrexate in a variety of hosts. Genes encoding
the gene product of auxotrophic markers of the host (e.g.,
LEU2, URA3, HIS3) are often used as selectable markers in
yeast. Use of viral (e.g., baculovirus) or phage vectors, and
vectors which are capable of integrating into the genome of
the host cell, such as retroviral vectors, are also contemplated.
In one embodiment, the vector is pLKTOK38. The present
invention also relates to cells carrying these expression vec-
tors.

An expression vector comprising a fused gene encoding a
humanized immunoglobulin light chain, said gene compris-
ing a nucleotide sequence encoding a CDR derived from a
light chain of a nonhuman antibody having binding specific-
ity for CCR2 and a framework region derived from a light
chain ofhuman origin, and, optionally, a constant region, e.g.,
a constant region described herein.

Thus, the invention includes an expression vector compris-
ing a gene encoding a humanized immunoglobulin light
chain, said gene comprising a nucleotide sequence encoding
a CDR derived from a light chain of a nonhuman antibody
having binding specificity for CCR2 and a framework region
derived from a light chain of human origin, and, optionally, a
nucleotide sequence encoding all or a portion of a light chain
constant region, e.g., a light chain constant region described
herein. The invention also relates to an expression vector
comprising a gene encoding a humanized immunoglobulin
heavy chain, said gene comprising a nucleotide sequence
encoding a CDR derived from a heavy chain of a nonhuman
antibody having binding specificity for CCR2 and a frame-
work region derived from a heavy chain of human origin, and,
optionally, a nucleotide sequence encoding all or a portion of
a heavy chain constant region, e.g., a heavy chain constant
region described herein. In on embodiment, the nonhuman
antibody is murine antibody 1D9. The invention also includes
host cells comprising the expression vectors of the invention.
The invention also relates to an isolated or recombinant gene
encoding a humanized immunoglobulin light or heavy chain
comprising a first nucleic acid sequence encoding an antigen
binding region derived from murine monoclonal antibody 1
D9; and a second nucleic acid sequence encoding at least a
portion of a constant region of an immunoglobulin of human
origin, or a mutated constant region of an immunoglobulin of
human origin as described herein.

The invention also relates to a host cell (e.g., which
expresses a humanized immunoglobulin or an antigen bind-
ing fragment thereof having specificity for CCR2) compris-
ing a first recombinant nucleic acid molecule encoding a
humanized immunoglobulin light chain or fragment thereof
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and a second recombinant nucleic acid molecule encoding a
humanized immunoglobulin heavy chain or fragment thereof,
wherein said first nucleic acid molecule comprises a nucle-
otide sequence encoding a CDR derived from the light chain
of murine antibody 1D9 and a framework region derived from
a light chain of human origin, and wherein said second
nucleic acid molecule comprises a nucleotide sequence
encoding a CDR derived from the heavy chain of murine
antibody 1D9 and a framework region derived from a heavy
chain of human origin. The first nucleic acid molecule can
further comprise a nucleic acid molecule encoding all or a
portion of a light chain constant region described herein and/
or the second nucleic acid molecule can further comprise a
nucleic acid molecule encoding all or a portion of a heavy
chain constant region described herein. The invention also
includes a method of preparing a humanized immunoglobulin
or antigen-binding fragment thereof comprising maintaining
a host cell of the invention under conditions appropriate for
expression of a humanized immunoglobulin, whereby
humanized immunoglobulin chains are expressed and a
humanized immunoglobulin or antigen-binding fragment
thereofhaving specificity for CCR2 is produced. The method
can further comprise the step of isolating the humanized
immunoglobulin or fragment thereof.

For example, a nucleic acid molecule (i.e., one or more
nucleic acid molecules) encoding the heavy and light chains
of' a humanized immunoglobulin having binding specificity
for CCR2, or a construct (i.e., one or more constructs) com-
prising such nucleic acid molecule(s), can be introduced into
a suitable host cell by a method appropriate to the host cell
selected (e.g., transformation, transfection, electroporation,
infection), such that the nucleic acid molecule(s) are operably
linked to one or more expression control elements (e.g., in a
vector, in a construct created by processes in the cell, inte-
grated into the host cell genome). Host cells can be main-
tained under conditions suitable for expression (e.g., in the
presence of inducer, suitable media supplemented with
appropriate salts, growth factors, antibiotic, nutritional
supplements, etc.), whereby the encoded polypeptide(s) are
produced. If desired, the encoded protein (e.g., humanized
1D9 antibody) can be isolated from, e.g., the host cells,
medium, milk. This process encompasses expressionina host
cell of a transgenic animal (see e.g., WO 92/03918, GenP-
harm International, published Mar. 19, 1992).

Fusion proteins can be produced in which a humanized
immunoglobulin or immunoglobulin chain is linked to a non-
immunoglobulin moiety (i.e., a moiety which does not occur
in immunoglobulins as found in nature) in an N-terminal
location, C-terminal location or internal to the fusion protein.
For example, some embodiments can be produced by the
insertion of a nucleic acid encoding immunoglobulin
sequences into a suitable expression vector, such as a pET
vector (e.g., pET-15b, Novagen), a phage vector (e.g.,
pCANTAB 5 E, Pharmacia), or other vector (e.g., pRIT2T
Protein A fusion vector, Pharmacia). The resulting construct
can be introduced into a suitable host cell for expression.
Upon expression, some fusion proteins can be isolated or
purified from a cell lysate by means of a suitable affinity
matrix (see e.g., Current Protocols in Molecular Biology
(Ausubel, F. M. etal.,eds., Vol. 2, Suppl. 26, pp. 16.4.1-16.7.8
(1991)).

Therapeutic Methods and Compositions

The present invention provides humanized immunoglobu-
lins which (1) can bind CCR2 in vitro and/or in vivo; and/or
(2) can modulate an activity or function of CCR2, such as (a)
binding function (e.g., the ability of CCR2 to bind to a ligand)
and/or (b) leukocyte trafficking, including recruitment and/or
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accumulation of leukocytes in tissues. Preferably the human-
ized immunoglobulins are capable of selectively binding
CCR2 in vitro and/or in vivo, and inhibiting CCR2-mediated
interactions. In one embodiment, a humanized immunoglo-
bulin can bind CCR2, and can inhibit binding of CCR2 to one
or more of its ligands (e.g., HIV, MCP-1, MCP-2, MCP-3,
MCP-4, MCP-5, eotaxin).

The humanized immunoglobulins of the present invention
are useful in a variety of processes with applications in
research, diagnosis and therapy. For instance, they can be
used to detect, isolate, and/or purify CCR2 or variants thereof
(e.g., by affinity purification or other suitable methods), and
to study CCR2 structure (e.g., conformation) and function.
The humanized immunoglobulins of the present invention
can also be used in diagnostic applications (e.g., in vitro, ex
vivo) or to modulate CCR2 function in therapeutic (including
prophylactic) applications.

For example, the humanized immunoglobulins of the
present invention can be used to detect and/or measure the
level of CCR2 in a sample (e.g., tissues or body fluids, such as
an inflammatory exudate, blood, serum, bowel fluid, on cells
bearing CCR2). For example, a sample (e.g., tissue and/or
body fluid) can be obtained from an individual and a suitable
immunological method can be used to detect and/or measure
CCR2 expression, including methods such as enzyme-linked
immunosorbent assays (ELISA), including chemilumines-
cence assays, radioimmunoassay, and immunohistology. In
one embodiment, a method of detecting a selected CCR2 in a
sample is provided, comprising contacting a sample with a
humanized immunoglobulin of the present invention under
conditions suitable for specific binding of the humanized
immunoglobulin to CCR2 and detecting antibody-CCR2
complexes which are formed. In an application of the method,
humanized immunoglobulins can be used to analyze normal
versus inflamed tissues (e.g., from a human) for CCR2 reac-
tivity and/or expression (e.g., immunohistologically)), to
detect associations between particular conditions and
increased expression of CCR2 (e.g., in affected tissues). The
humanized immunoglobulins of the present invention permit
immunological methods of assessment of the presence of
CCR2 in normal versus inflamed tissues, through which the
presence of disease, disease progress and/or the efficacy of
anti-CCR2 integrin therapy in inflammatory disease can be
assessed. In addition, the humanized immunoglobulins of the
invention provide methods for assessing the presence of
CCR2 though the progression of unwanted cellular prolifera-
tion associated with CCR2 expression, e.g., a cancer that
expresses CCR2.

The humanized immunoglobulins of the present invention
can also be used to modulate (e.g., inhibit (reduce or prevent))
binding function and/or leukocyte (e.g., lymphocyte, mono-
cyte) trafficking modulated by CCR2. For example, human-
ized immunoglobulins which inhibit the binding of CCR2 to
a ligand (i.e., one or more ligands) can be administered
according to the method in the treatment of diseases associ-
ated with leukocyte (e.g., lymphocyte, monocyte) infiltration
of tissues. Additionally, humanized immunoglobulins which
inhibit the binding of CCR2 to a ligand (i.e., one or more
ligands) can be administered according to the method in the
treatment of HIV. An effective amount of a humanized immu-
noglobulin of the present invention (i.e., one or more) is
administered to an individual (e.g., a mammal, such as a
human or other primate) in order to treat such a disease.

The humanized immunoglobulin is administered in an
effective amount which inhibits binding of CCR2 to a ligand
thereof. For therapy, an effective amount will be sufficient to
achieve the desired therapeutic (including prophylactic)
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effect (such as an amount sufficient to reduce or prevent
CCR2-mediated binding and/or signaling). The humanized
immunoglobulin can be administered in a single dose or
multiple doses. The dosage can be determined by methods
known in the art and can be dependent, for example, upon the
individual’s age, sensitivity, tolerance and overall well-being.
Suitable dosages for antibodies can be from about 0.1 mg/kg
body weight to about 10.0 mg/kg body weight per treatment.
For example, the dose can be about 1 mg/kg body weight to
about 7 mg/kg body weight, about 3 mg/kg body weight to
about 5 mg/kg body weight.

According to the method, the humanized immunoglobulin
can be administered to an individual (e.g., a human) alone or
in conjunction with another agent. A humanized immunoglo-
bulin can be administered before, along with or subsequent to
administration of the additional agent. Thus, the invention
includes pharmaceutical compositions comprising a human-
ized immunoglobulin or antigen-binding fragment thereof of
the invention and a suitable carrier. In one embodiment, more
than one humanized immunoglobulin which inhibits the
binding of CCR2 to its ligands is administered. In another
embodiment an additional monoclonal antibody is adminis-
tered in addition to a humanized immunoglobulin of the
present invention. In yet another embodiment, an additional
pharmacologically active ingredient (e.g., an antiinflamma-
tory compound, such as sulfasalazine, another non-steroidal
antiinflammatory compound, or a steroidal antiinflammatory
compound) can be administered in conjunction with a
humanized immunoglobulin of the present invention.

A variety of routes of administration are possible, includ-
ing, but not necessarily limited to, parenteral (e.g., intrave-
nous, intraarterial, intramuscular, subcutaneous injection),
oral (e.g., dietary), topical, inhalation (e.g., intrabronchial,
intranasal or oral inhalation, intranasal drops), or rectal,
depending on the disease or condition to be treated. Parenteral
administration is a preferred mode of administration.

Formulation will vary according to the route of adminis-
tration selected (e.g., solution, emulsion). An appropriate
composition comprising the humanized antibody to be
administered can be prepared in a physiologically acceptable
vehicle or carrier. For solutions or emulsions, suitable carriers
include, for example, aqueous or alcoholic/aqueous solu-
tions, emulsions or suspensions, including saline and buff-
ered media. Parenteral vehicles can include sodium chloride
solution, Ringer’s dextrose, dextrose and sodium chloride,
lactated Ringer’s or fixed oils. Intravenous vehicles can
include various additives, preservatives, or fluid, nutrient or
electrolyte replenishers (See, generally, Remington’s Phar-
maceutical Sciences, 17th Edition, Mack Publishing Co., PA,
1985). For inhalation, the compound can be solubilized and
loaded into a suitable dispenser for administration (e.g., an
atomizer, nebulizer or pressurized aerosol dispenser).

Thus, the invention includes a method of inhibiting HIV
infection of a cell, comprising contacting a cell with an effec-
tive amount of a composition comprising a humanized immu-
noglobulin or antigen-binding fragment thereof of the inven-
tion. The invention also relates to a method of treating HIV or
inhibiting HIV infection in a patient comprising administer-
ing to the patient a composition comprising an effective
amount of a humanized immunoglobulin of or antigen-bind-
ing fragment thereof of the invention.

The invention also relates to a method of inhibiting a func-
tion associated with binding of a chemokine to mammalian
CCR2 or a functional portion of CCR2, comprising contact-
ing a composition comprising CCR2 or portion thereof with
an effective amount of a humanized immunoglobulin or anti-
gen-binding fragment thereof of the invention, wherein said
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humanized immunoglobulin inhibits binding of the chemok-
ine to mammalian CCR2 and inhibits one or more functions
associated with binding of the chemokine to CCR2. For
example, the chemokine can be selected from the group con-
sisting of MCP-1, MCP-2, MCP-3, MCP-4, MCP-5, eotaxin
and combinations thereof.

The invention also relates to a method of inhibiting leuko-
cyte trafficking in a patient, comprising administering to the
patient a composition comprising an effective amount of a
humanized immunoglobulin or antigen-binding fragment
thereof of the invention which binds to mammalian CCR2
and inhibits binding of a ligand to the receptor. For example,
the ligand can be a chemokine (e.g., MCP-1, MCP-2, MCP-3,
MCP-4, MCP-5, eotaxin) or HIV.

The invention also relates to a method of inhibiting the
interaction of a first cell expressing CCR2 with a ligand (e.g.,
on a second cell expressing a ligand of CCR2), comprising
contacting the first cell with an effective amount of a human-
ized immunoglobulin or antigen-binding fragment thereof of
the invention, particularly wherein said immunoglobulin or
fragment inhibits the binding of ligand to CCR2. For
example, the cell can be selected from the group consisting of
lymphocytes, monocytes, granulocytes, T cells, basophils,
and cells comprising a recombinant nucleic acid encoding
CCR2 or a portion thereof. In one embodiment, the ligand is
achemokine (e.g., MCP-1, MCP-2, MCP-3, MCP-4, MCP-5,
eotaxin). In another embodiment, the ligand is HIV.

The invention also includes a method of treating a CCR2-
mediated disorder in a patient, comprising administering to
the patient an effective amount of a humanized immunoglo-
bulin or antigen-binding fragment thereof of the invention
which binds to mammalian CCR2. The disorder can include,
but is not limited to, allergy, atherogenesis, anaphylaxis,
malignancy, chronic and acute inflammatory disorders, his-
tamine and IgE-mediated allergic reactions, shock, and rheu-
matoid arthritis, atherosclerosis, multiple sclerosis, stenosis,
restenosis, allograft rejection, fibrotic disease, asthma, scle-
roderma, inflammatory glomerulopathies, and immune-re-
lated diseases.

In a particular embodiment, the invention relates to a
method of inhibiting restenosis in a patient, comprising
administering to the patient an effective amount of a human-
ized immunoglobulin or antigen-binding fragment thereof of
the invention which binds to mammalian CCR2. The inven-
tion also includes a humanized immunoglobulin or antigen-
binding fragment thereof of the invention for use in therapy or
diagnosis or for use in treating a CCR2-mediated disease or
disorder. The invention also includes the use of a humanized
immunoglobulin or antigen-binding fragment thereof of the
invention for the manufacture of a medicament for treating a
CCR2-mediated disease.

Anti-idiotypic antibodies are also provided. Anti-idiotypic
antibodies recognize antigenic determinants associated with
the antigen-binding site of another antibody. Anti-idiotypic
antibodies can be prepared against second antibody by immu-
nizing an animal of the same species, and preferably of the
same strain, as the animal used to produce the second anti-
body. See e.g., U.S. Pat. No. 4,699,880.

The present invention also pertains to the hybridoma cell
lines deposited under ATCC Accession Nos. HB-12549 and
HB-12550, as well as to the monoclonal antibodies produced
by the hybridoma cell lines deposited under ATCC Accession
Nos. HB-12549 and HB-12550. The cell lines of the present
invention have uses other than for the production of the mono-
clonal antibodies. For example, the cell lines of the present
invention can be fused with other cells (such as suitably
drug-marked human myeloma, mouse myeloma, human-
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mouse heteromyeloma or human lymphoblastoid cells) to
produce additional hybridomas, and thus provide for the
transfer of the genes encoding the monoclonal antibodies. In
addition, the cell lines can be used as a source of nucleic acids
encoding the anti-CCR2 immunoglobulin chains, which can
be isolated and expressed (e.g., upon transfer to other cells
using any suitable technique (see e.g., Cabilly et al., U.S. Pat.
No. 4,816,567; Winter, U.S. Pat. No. 5,225,539)). For
instance, clones comprising a rearranged anti-CCR2 light or
heavy chain can be isolated (e.g., by PCR) or cDNA libraries
can be prepared from mRNA isolated from the cell lines, and
c¢DNA clones encoding an anti-CCR2 immunoglobulin chain
can be isolated. Thus, nucleic acids encoding the heavy and/
or light chains of the antibodies or portions thereof can be
obtained and used in accordance with recombinant DNA
techniques for the production of the specific immunoglobu-
lin, immunoglobulin chain, or variants thereof (e.g., human-
ized immunoglobulins) in a variety of host cells or in an in
vitro translation system. For example, the nucleic acids,
including cDNAs, or derivatives thereof encoding variants
such as a humanized immunoglobulin or immunoglobulin
chain, can be placed into suitable prokaryotic or eukaryotic
vectors (e.g., expression vectors) and introduced into a suit-
able host cell by an appropriate method (e.g., transformation,
transfection, electroporation, infection), such that the nucleic
acid is operably linked to one or more expression control
elements (e.g., in the vector or integrated into the host cell
genome). For production, host cells can be maintained under
conditions suitable for expression (e.g., in the presence of
inducer, suitable media supplemented with appropriate salts,
growth factors, antibiotic, nutritional supplements, etc.),
whereby the encoded polypeptide is produced. If desired, the
encoded protein can be recovered and/or isolated (e.g., from
the host cells, medium, milk). It will be appreciated that the
method of production encompasses expression in a host cell
of a transgenic animal (see e.g., WO 92/03918, GenPharm
International, published Mar. 19, 1992).

As described herein, antibodies and functional fragments
thereof of the present invention can block (inhibit) binding of
a ligand to CCR2 and/or inhibit function associated with
binding of the ligand to the CCR2. As discussed below vari-
ous methods can be used to assess inhibition of binding of a
ligand to CCR2 and/or function associated with binding of
the ligand to the receptor.

Binding Assays

Asused herein “mammalian CCR2 protein” refers to natu-
rally occurring or endogenous mammalian CCR2 proteins
and to proteins having an amino acid sequence which is the
same as that of a naturally occurring or endogenous corre-
sponding mammalian CCR2 protein (e.g., recombinant pro-
teins). Accordingly, as defined herein, the term includes
mature receptor protein, polymorphic or allelic variants, and
other isoforms of a mammalian CCR2 (e.g., produced by
alternative splicing or other cellular processes), and modified
or unmodified forms of the foregoing (e.g., glycosylated,
unglycosylated). Mammalian CCR2 proteins can be isolated
and/or recombinant proteins (including synthetically pro-
duced proteins). Naturally occurring or endogenous mamma-
lian CCR2 proteins include wild type proteins such as mature
CCR2, polymorphic or allelic variants and other isoforms
which occur naturally in mammals (e.g., humans, non-human
primates), such as the CCR2a and CCR2b forms of the recep-
tor protein which are produced by alternative splicing of the
carboxy-terminus of the protein. Such proteins can be recov-
ered orisolated from a source which naturally produces mam-
malian CCR2, for example. These proteins and mammalian
CCR2 proteins having the same amino acid sequence as a
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naturally occurring or endogenous corresponding mamma-
lian CCR2, are referred to by the name of the corresponding
mammal. For example, where the corresponding mammal is
a human, the protein is designated as a human CCR2 protein
(e.g., arecombinant human CCR2 produced in a suitable host
cell).

“Functional variants” of mammalian CCR2 proteins
include functional fragments, functional mutant proteins,
and/or functional fusion proteins (e.g., produced via
mutagenesis and/or recombinant techniques). Generally,
fragments or portions of mammalian CCR2 proteins include
those having a deletion (i.e., one or more deletions) of an
amino acid (i.e., one or more amino acids) relative to the
mature mammalian CCR2 protein (such as N-terminal, C-ter-
minal or internal deletions). Fragments or portions in which
only contiguous amino acids have been deleted or in which
non-contiguous amino acids have been deleted relative to
mature mammalian CCR2 protein are also envisioned.

Generally, mutants of mammalian CCR2 proteins include
natural or artificial variants of a mammalian CCR2 protein
differing by the addition, deletion and/or substitution of one
or more contiguous or non-contiguous amino acid residues
(e.g., receptor chimeras). Such mutations can be in a con-
served region or nonconserved region (compared to other
CXC and/or CC chemokine receptors), extracellular, cyto-
plasmic, or transmembrane region, for example.

Generally, fusion proteins encompass polypeptides com-
prising a mammalian CCR2 (e.g., human CCR2) as a first
moiety, linked via a peptide cond to a second moiety not
occurring in the mammalian CCR2 as found in nature. Thus,
the second moiety can be an amino acid, oligopeptide or
polypeptide. The first moiety can be in an N-terminal loca-
tion, C-terminal location or internal to the fusion protein. In
one embodiment, the fusion protein comprises an affinity
ligand (e.g., an enzyme, an antigen, epitope tage) as the first
moiety, and a second moiety comprising a linker sequence
and human CCR?2 or a portion thereof.

A “functional fragment or portion”, “functional mutant”
and/or “functional fusion protein” of a mammalian CCR2
protein refers to an isolated and/or recombinant protein or
polypeptide which has at least one function characteristic ofa
mammalian CCR2 protein as described herein, such as a
binding activity, a signaling activity and/or ability to stimu-
late a cellular response. Preferred functional variants can bind
a ligand (i.e., one or more ligands such as MCP-1, MCP-2,
MCP-3, MCP-4, MCP-5 and/or eotaxin), and are referred to
herein as “ligand binding variants”.

In one embodiment, a functional variant of mammalian
CCR2 shares at least about 85% sequence identity with said
mammalian CCR2, preferably at least about 90% sequence
identity, and more preferably at least about 95% sequence
identity with said mammalian CCR2. The nucleic acid and
amino acid sequences of human CCR2a and CCR2b are
described in U.S. Pat. No. 5,707,815. Sequence identity can
be determined using a suitable program, such as the Blastx
program (Version 1.4), using appropriate parameters, such as
default parameters. In one embodiment, parameters for
Blastx search are scoring matrix BLOSUM62, W=3. In
another embodiment, a functional variant comprises a nucleic
acid sequence which is different from